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Status of IBC production

• Cell efficiency vs. module efficiency
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Status of IBC production

• Sunpower

• Long years of experience

• Passivating contacts

• Silver-free

• High costs

• SPIC

• ZEBRA cell

• Half-cut, bifacial option

• Standard technology, screen printing

• Low costs

• Longi (p-type)

• Other activities (MB, Trina, etc.)
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https://www.solarpowerworldonline.com/2019/03/su
npower-increases-solar-cell-size-with-new-400-w-a-
series-of-modules-for-the-residential-market/

https://sunpower.maxeon.com/de/solarm
odul-produkte/maxeon-solarmodule

http://en.spicsolar.com/default/single/430.html



Motivation

• Technology evolution

→ How to bridge the time gap until tandem?
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Motivation

• Silver consumption

• 2022 estimate of 15.5-16.9% of global silver supply

• Even with learning rate of 20%, future silver demand will 

increase

• 60 TW of PERC by 2050 could use 60% of global Ag 

reserves

→ How to reduce the silver consumption?
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Brett Hallam, Yuchao Zhang, Moonyong Kim, Pablo Dias, Robert Underwood, Challenges and Opportunities for Terawatt-Scale 
Deploymentof n-type Solar Cell Technologies N-type PV Workshop March 30-31, 2022
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IBC4EU Project
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• Goals: bring high efficiency, low cost, low silver-

content IBC to the market

• Strenghten/Rebuild EU-based PV value chain

Start: 1.11.2022

Funding: Horizon Europe

Duration: 36 months

Project budget: 16.7 M€

17 members, 4 associated partners

Coordinator: ISC Konstanz



Low cost IBC – ZEBRA™
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Patent pending

• PERC-like process equipment, Voc~ 700mV

• Screen printed

• Flexible design rear side

• Stringable (by soldering)

• Bifacial (BF up to 0.8) 



TOPCon IBC – polyZEBRA
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• IP secured
• 2 patent applications pending

Status Q1/2023: 
baseline+0.5%

Linke et al. Fully Passivating Contact IBC Solar Cells Using Laser Processing. WCPEC 2022

ZEBRA

1 wetbench

2 B-diff

3 wetbench

4 SiNx 

5 Laser (abl)

6 wetbench

7 P-diff 

8 wetbench

9 SiNx front

10 SiNx rear

11 SP + FF

12 IV+sorting

poly ZEBRA

wetbench 1

SiO2+a-Si(n) 2

SiNx 3

Laser (abl) 4

wetbench 5

SiO2+a-Si(i) 6

B-diff 7

wetbench 8

Laser (SE) 9

TEX 10

B-diff 11

wetbench 12

AlOx+SiNx front 13

AlOx+SiNx rear 14

SP + FF 15

IV+sorting 16

This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 857793



TOPCon IBC – polyZEBRA

• Summary

• True upgrade

• Proven process technology

• Variable in cell size (up to M12)

• Cut cell, bifacial

• Back-end 100% compatible with ZEBRA technology
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Efficiency potential: >24.5%



Screen printed Cu-IBC
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• IBC ideal for Cu screen printing

• Technology well-known from PCB

• 100% compatible with standard PV 

equipment

• Curing fast and at low temperature

• Standard drying

• “Snap curing” (300°C, few seconds with direct solid-

to-solid heat transfer)

How to avoid direct contact with Si? 



Screen printed Cu-IBC
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Chen, Ning, et al. "Thermal Stable High‐Efficiency Copper Screen Printed Back Contact Solar Cells." Solar RRL 7.2 (2023):2200874



Screen printed Cu-IBC
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Module performance (DH) with Cu busbarsModule performance (DH) with Cu fingers

To be presented at the MIWS 2023 
(Neuchâtel) by Rudolph et al.

Chen, Ning, et al. "Thermal Stable High‐Efficiency Copper 
Screen Printed Back Contact Solar Cells." Solar RRL 7.2 
(2023):2200874



Screen printed Cu-IBC
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• Summary

• Simple curing

• No direct contact with unprotected 

Si → no source for Cu contamination 

• Solderable

• Stable in module

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

Metallization cost [USD/Wp] 
for Ag @ 700 USD/kg

soldering pads

base BBs

emitter BBs

base fingers/grid

emitter fingers

Cu paste @ 50% price of 
Ag paste



Cost calculations
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Cost calculations
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Cost calculations
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Conclusion

• Technology evolution

→ How to bridge the time gap until tandem?
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Conclusion
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Conclusion

• Technology evolution (revisited)
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PERC

TOPCon

ZEBRA

Tandem

efficiency/time

polyZEBRA

Switch to (mainly) Cu based screen printing



Conclusion
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• Cu-ZEBRA

ITRPV 2022



Conclusion
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• Cu-polyZEBRA

→ Screen-printed Cu-polyZEBRA→ high efficiency at low cost

ITRPV 2022
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This project has received funding from the European Union’s
Horizon Europe research and innovation programme under grant
agreement No.101084259



Both on-site
and online


