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The evolution of photovoltaic modules from the 1980s to the present day

“Research and Development Priorities to Advance Solar Photovoltaic Lifecycle Costs and Performance” Michael Woodhouse, NREL, 2021 
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Thin films just tens of nanometres thick! 

Larger cells divided into several 

sections; various solutions for 

electrical contacts

The near 

future lies in 

thin-film 

technology

Al BSF

The evolution of photovoltaic cells

XBC
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Solar Cell Evolution

XBC
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First generation: Aluminium Back Surface Field (Al BSF) cell

2004–2017

Thickness of the BSF aluminium layer: between 0.7 µm and 1.5 µm

Voc: 650 mV
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Second generation: PERC (Passive Emitter Rear Cell) cell

Passivation: thickness of the passivation layer, AlOx, approximately 10 nm

Voc: 680-700 mV
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• 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.

PERC cell (Passive Emitter Rear Cell): limits



Overview of recent technological development

27/05/2026

9

Third generation: TOPCON cell

Passivation: SiOx oxide tunnel layer thickness 1–2 nm, polysilicon 50–300 nm 

Voc: 715 mV Bifacial cell
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0.33 mm = 1 million atoms

1 nm = 3 atoms

Silicon cell, pre-2004
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Third generation: heterojunction cells

Voc: 740 mV Bifacial cell
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Third generation: Interdigitated Back Contact (IBC) cells: Maxeon

Voc: 740 mV



Overview of recent technological development

27/05/2026

13

Third generation: All Back Contact (ABC) cells / Hybrid Passivation BC 2.0: AIKO / Longi

Voc: 740 mV
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Third generation plus: TOPCon-compatible hybrid back-contact (THBC) / Hybrid 

Interdigitated-Back-Contact (HIBC) Trina/Longi
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Industrial competitiveness: upgrading production lines from PERC to TOPCON 
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Making PV Modules…
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Technology (only most 

common ones)
Working Principle Main Advantages Main Challenges Typical Applications

Laser Scribing + 

Mechanical Separation

Laser creates weakened line, 

followed by controlled 

mechanical break

High throughput, mature 

process, cost-effective

Microcracks, heat-

affected zone

Mainstream PERC / 

TOPCon production

Thermal Laser 

Separation (TLS)

Local heating and cooling 

generate controlled crack 

propagation

Very low damage, smooth 

edges, high mechanical 

strength

Higher equipment cost, 

slower process

High-efficiency 

TOPCon / HJT

Full Laser Cutting
Laser cuts completely through 

wafer

High precision, flexible 

geometries

More thermal damage 

and debris

Shingled cell 

manufacturing

Transition toward low-damage 

laser processes. Increasing 

adoption driven by:

• thinner wafers

• larger wafer formats

• high-efficiency cell technologies

• shingled module architectures
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L. Marthey et al., EUPVSEC 2025 

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
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New cells, new materials, new modules: 

manufacturers’ roadmaps.
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Source: AIKO
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XBC

>50%

Switzerland PV Module Market Share
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• 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.
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Thank you!
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