
TRPL mapping datasetsare analyzed by extracting curvesfitted consistently against sim-ulations to constrain the carrier mobility

Inkjet approach demostrated
 14.6% reached

High-efficiency CIGS photovoltaics

CIGS photovoltaics at a glance

Single-junction devices

CIGS for tandem solar cells
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Cu(In,Ga)Se2 (CIGS) photovoltaics

 Thin film multi-crystalline layers

 Stable, efficient

 State-of-the-art: same VOC deficit as c-Si

 Flexible, lightweight, uniform appearance

 Low carbon footprint
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Record flexible CIGS cells
22.2% flexible solar cell (2022)
Previous marks: 20.8% (2019), 21.4% (2021)
(externally certified values)

CIGS 3-stage deposition

453°C

353°C

Misfit dislocations at CIGS/ITO interface

Silver-enabled low-temperature process
• Sharp interface, no GaOx formation (FF)

Bandgap engineering
 Steep gradient
 Improved charge collection, EQE and JSC

Silver Alloying
High efficiencies over a wide range

Narrow process optimum

• Tiny Ag amount: 1/10 of Si modules
• Improved morphology, PV performance
• Enhanced tolerance vs low process T 

High performance flexible solar cells

Bifacial solar cells

Minimodules, industrialisation

 Minimodules, proof-of-concept
 Validation of transferrability
 Manufacturability: processes simplified

and more robust

Patterning approaches
• All-laser
• Mechanical scribing
• Inkjet approaches

Flexible photovoltaics

Bifacial Solar Cells

Tandem devices

Record bifacial CIGS solar cell
23.0 mW/cm2 BiFi300  (30% albedo)

Progresses of Empa in global context

 Quantitative analysis of charge transport 
near extended defective regions

[Ochoa, Physica RRL, 2021, 10.1002/pssr.202100313]

Advanced characterization & modelling

Heat and light soaking
• Manipulation of carrier density
• Stable, long-term improvements

Solar cell treatments

[Carron, Adv. Energy Mat., 2019, 10.1002/aenm.201900408]

Absorber Cu content CGI

Absorber treatments with alkali

 Light and heavy alkali (e.g. Na, K, Rb)
 Co- and post-deposition
 Improved voltage
 Surface tailoring, higher JSC, reduced shunting

Tandem configurations

As bottom cell: low bandgap or bifacial CI(G)S
• Ideal low bandgap, high current
• Allow reduced top cell bandgap (better performance and long-term stability)

As top cell: high bandgap CIGS

Efficiency Top cell Bottom cell

30.2 mW/cm2 4T Empa Bifacial CIGS

29.0% 4T National University Singapore
10.1002/solr.202300339

CIS

Overcoming Shockley-Queisser limit of single junctions

~Bandgap @ rear

No dead zone
100% collection

?

Next frontier for CIGS:
Overcome rear interface recombination

[Yang, Nat Energy, 2022, 10.1038/s41560-022-01157-9]

CZTSSe: Earth abundant thin-film alternative  [Moser, ACS Appl. Energy Mater., 2023, 10.1021/acsaem.3c02483]  

[Krause, Solar RRL, 2023, 10.1002/solr.202201122]
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