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1) Defect densities (and 

how they change with 

thickness)

2) “Lifetimes” and how 

they change with  

carrier density
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Ndef=27mere0 kT/(4q2d2)

see Eq. (3)
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Reduced Non-Radiative Recombination
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Thin Film Single Crystal

defect

single crystals could have an even
lower defect-density

small non-radiative loss →
low defect density?



Apparent Defect Density

Charge sensitive measurements:
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Single crystals much better than thin films

Metaanalysis of trap densities
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Sensitivity thresholds for measuring charge

densities
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Ravishankar et al. Science 371, 6532 (2021), Siekmann et al. ACS Energy Lett. 6, 3244 (2021) 



Surface charges compete with the trap charges

The thickness trend explained.
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Sensitivity thresholds for measuring charge

densities
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Transient Photoluminescence (TPL) Transient Photovoltage (TPV)

measures the decay of an external voltagemeasures the luminescence decay



Metaanalysis: TPV vs. TPL
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Metaanalysis: TPV vs. TPL
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If lifetimes vary that much –
what is a „lifetime“ then?



What is typically measured?
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How to make sense out of it
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1) Beware of detection 

thresholds, when 

measuring defect 

densities

2) Huge method to 

method variation in 

“lifetimes” results 

from voltage 

dependence of decay 

times
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