TOPCon Silicon Solar Cells

From Lab to Fab

S. W. Glunz, A. Richter, R. Mduller, J. Benick,

F. Feldmann, C. Reichel, B. Steinhauser, J. Polzin,
B. Kafle, B. S. Goraya, S. Mack, S. Nold,

J. Rentsch, M. Hermle, R. Preu

Fraunhofer Institute for Solar Energy Systems ISE
Freiburg, Germany

PV Magazine Webinar
17. Feb 2022

\

~ Fraunhofer

S. Glunz, 2022 ISE



TOPCon
From Lab to Fab

Development of Record Efficiencies for Both-sides Contacted Solar Cells
TOPCon Structure and Principle

n-type and p-type TOPCon Cells

i-TOPCon and Costs

2

\

~ Fraunhofer
S. Glunz, 2022 ISE



TOPCon
From Lab to Fab

Development of Record Efficiencies for Both-sides Contacted Solar Cells
TOPCon Structure and Principle

n-type and p-type TOPCon Cells

i-TOPCon and Costs

3

\

~ Fraunhofer
S. Glunz, 2022 ISE



Modern History of Record Silicon Solar Cells with Front and Rear Contacts
TOPCon - Main Driver for Recent Efficiency Boost
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History of Record Silicon Solar Cells with Front and Rear Contacts
TOPCon - Main Driver for Recent Efficiency Boost

Both sides contacted silicon solar cells
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TOPCon - A Passivating Contacts Technology Based on Poly-Silicon Thin Films
Brief Review

TOPCon - Tunnel Oxide Passivating Contact
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TOPCon - A Passivating Contacts Technology Based on Poly-Silicon Thin Films
Brief Review
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Glunz et al., “Silicon-based passivating contacts: The TOPCon route”, Prog Photovolt. (2021) ~ Fraunhofer
S. Glunz, 2022 Graph adapted from Steinhauser et al., Solar RRL (2021) ISE



History of Record Silicon Solar Cells with Front and Rear Contacts
TOPCon - Main Driver for Efficiency Boost

B Historic records dominated by impressive — T T T
improvements in PERL cells at UNSW 26 | ¢ nypesi
(Passivated Emitter and Rear Locally diffused) ¢ pype Sl
B Progress in past few years with n-type silicon i
solar cells featuring passivating contacts S 25
Al,O4 metal ? I
m !
?A& 'S I
T 24 i
r** Advantages of
TOPCon solar cells? _ |
e - | Lo
/ UNSW PERL [1] ]
fﬁ;'rio “ 1990 2010 2020

year

9

\

~ Fraunhofer
S. Glunz, 2022 ISE



Modern History of Record Silicon Solar Cells with Front and Rear Contacts
Optical and Electrical Performance of Different Cell Technologies
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Richter et al., “Design rules for high-efficiency both-sides-contacted silicon solar cells with balanced ~ Fraunhofer
S. Glunz, 2022 charge carrier transport and recombination losses”, Nature Energy (2021) ISE



Modern History of Record Silicon Solar Cells with Front and Rear Contacts
Optical and Electrical Performance of Different Cell Technologies
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Modern History of Record Silicon Solar Cells with Front and Rear Contacts
Optical and Electrical Performance of Different Cell Technologies
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Change From Front Junction to Back Junction Cell Architecture
Optimization from a Current Transport Point of View
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Change From Front Junction to Back Junction Cell Architecture
Optimization From a Current Transport Point of View
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Front Junction vs Rear Junction Cell Design
Experimental Solar Cell Results

B Experimental fabrication of p-type rear junction
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Front Junction vs Rear Junction Cell Design
Experimental Solar Cell Results
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n-type and p-type TOPCon Cells
i-TOPCon and Costs

Development of Record Efficiencies for Both-sides Contacted Solar Cells
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Choice of Process Technologies
PERC 2014 - TOPCon today
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Cost of ownership
PERC vs TOPCon
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Cost of ownership - PERC vs TOPCon
Metallization
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Cost of ownership - PERC vs TOPCon
Metallization

Front side
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Cost of ownership - PERC vs TOPCon
Levelized Costs of Electricity (LCOE)

LCOE nominal Southern Europe
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