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The evolution of photovoltaic modules from the 1980s to the present day
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The evolution of photovoltaic modules from the 1980s to the present day
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The evolution of photovoltaic cells
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Solar Cell Evolution
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First generation: Aluminium Back Surface Field (Al BSF) cell
2004-2017
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Second generation: PERC (Passive Emitter Rear Cell) cell
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PERC cell (Passive Emitter Rear Cell): limits

« The widespread doping of the wafer surfaces reduces recombination at the metal/silicon
interface, but introduces adverse effects such as :
o Auger recombination,
o Absorption of free charge carriers
o Reduction in the energy bandgap

*These phenomena limit the efficiency of traditional solar cells.

Solution: Carrier Selective Passivating Contacts (CSPC)

« Designed to eliminate direct metal-to-silicon contact.

« They consist of thin layers deposited on both sides of the wafer:
* They passivate the surface defects.
» They selectively collect the photogenerated carriers.

27/05/2026
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Third generation: TOPCON cell
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Third generation: heterojunction cells
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Third generation: Interdigitated Back Contact (IBC) cells: Maxeon
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Third generation: All Back Contact (ABC) cells / Hybrid Passivation BC 2.0: AIKO / Longi
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Third generation plus: TOPCon-compatible hybrid back-contact (THBC) / Hybrid
Interdigitated-Back-Contact (HIBC) Trina/Longi

LONG:I Sets New World Records for
'rr.-'asolar Crystalline Silicon Solar Cell and Module Efficiency

NEW WORLD
RECORD

28.0%......

Trinasolar’s THBC cell sots a new. e
woddrecocdwkhacomerdmeﬂkiqncyof 23.0%.
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Industrial competitiveness: upgrading production lines from PERC to TOPCON
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Making PV Modules...
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Cell cutting (Full-cell to 1/2, 1/3 and shingled cells)
Ii?::g:g%g;ﬂy most Working Principle Main Advantages Main Challenges Typical Applications
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Multi Busbars
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UV-Downshifting Encapsulants

UVID Mitigation: Specifically addresses UV-
induced degradation in high-efficiency c-Si
cells by shifting high-energy photons to lower
energies, which also reduces parasitic
absorption.

Efficiency gain: Converts UV light into

harmless visible light, boosting module power
(increased current density)

Improving both reliability and power efficiency

27/05/2026
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New cells, new materials, new modules:
manufacturers’ roadmaps.
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. __ Solar
Technical Roadmap: Why TOPCon? JinKO
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[1] Brendel, R., Rienaecker, M. & Peibst, R. 2016, “A quantitative measure for the carrier selectivity of contacts to solar cells”, Proc. 32nd EU PVSEC, Munich, Germany, doi:10.4229/EUPVSEC201620162C0.4.1.
[2] Brendel, R. & Peibst, R. 2016, “Contact selectivity and efficiency in crystalline silicon photovoltaics”, IEEE J. Photovolt., Vol. 6, No. 6, pp.1413-1420, doi:10.1109/JPHOTOV.2016.2598267. 24
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Efficiency pradox, struggle for BC future
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Comparison of Solar Cell Technology et
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" The Next-gen PV Technology Beyond BC Era

Two directions for next-generation technology:

= Photon down conversion

= Tandem Technology
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BC is Able to Achieve the Highest Efficiency
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Switzerland PV Module Market Share

100%

Trina Solar rina Solar 5
Ll suntech Trina Solar LEEE TINA S0

olartrends,
rancheneinblicke
nd Analysen

Dieser Report zeigt, wie sich die technischen Eigenschaften von PV-Modulen und
Wechselrichtern in den Jahren 2017 bis 2025 veréndert haben. Darlber hinaus wird auch
die Entwicklung von System- und Marktdaten wie Marktanteile von Herstellern oder die
Anzahl Batteriespeicher analysiert. Die Daten stammen aus einer anonymisierten und
mengengewichtet konsolidierten Datenbank von Eturnity und wurden gemeinsam mit dem
PV-Labor der Berner Fachhochschule (BFH) aufbereitet. Es wird angenommen, dass die
vorgestellten Produktdaten reprasentativ fiir PV-Anlagen in der Schweiz und generell fir
PV-Anlagen auf Gebduden sind. Freiflichenanlagen hingegen sind in den Daten kaum
vertreten.
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Summarising;:

Solar cells and their efficiency are evolving rapidly and continuously: today, we have modules
for residential installations with a capacity of over 500W.

On the Swiss and European residential markets, the size of the panels is limited only by their
weight: the switch to glass-to-glass solutions results in weights exceeding 25 kg, which poses
a problem for handling

The potential of IBC cells is also promising due to their intrinsic diode effect at the single-cell
level: in the event of shading, losses are lower and temperatures are lower

Topcon’s technology is based on PERC technology, which has been on the market for several
years

The potential of bifacial cells is of interest for large modules and large-scale projects, but it also
influences choices in the residential market

With so many changes, it is easy to lose sight of the factors that ensure the quality of the
modules: accelerated testing, field testing, in-line quality control, and the ability to rectify errors
without the risk of going bankrupt, as has happened in the past.

27/05/2026
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Thank you!
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