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Functionality of Solar 

Cells – Main Losses

Characterizing Interface Losses by

Photoluminescence
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Photovoltaic Mechanism
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Guillemoles et al. Nat. Photonics (2019)



Step-Function Like Absorptance
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( ) ( )dEEEaqJ = sunsc f

absorptance a(E)

solar spectrum fsun(E)
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Radiative Recombination
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Balance Between Generation and Recombination
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The Current-Voltage Curve
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Current Density and Power Density

vs. Voltage
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Shockley-Queisser Limit

Shockley and Queisser, J. Appl. Phys. (1961)
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Shockley-Queisser Limit

Shockley and Queisser, J. Appl. Phys. (1961)
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Efficiency trends for different PV 

technologies
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Open circuit voltage Voc

Open circuit voltage is controlled 

by recombination (radiative or non-

radiative)
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Open circuit voltage Voc
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Steady-State PL

Measuring indirectly the quasi-Fermi-level splitting
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Steady-State PL

Measuring indirectly the quasi-Fermi-level splitting
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Steady-State PL

Measuring indirectly the quasi-Fermi-level splitting
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Screening of contact layers for high Voc

Triple cation recipe from Potsdam University

27.11.2020 22Stolterfoht et al. Energy Environ. Science (2019)
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Why are charge carrier lifetimes relevant?
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Why things are more difficult in reality than

in theory?
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Transient Photoluminescence in Lead-Halide 

Perovskite Layer Stacks and Solar Cells

Krückemeier et al. (submitted)



Transient Photoluminescence

Layer on glass - Video
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Transient Photoluminescence

Layer on Glass – Bulk Recombination
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Transient Photoluminescence

Layer on Glass – Bulk Recombination
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Transient Photoluminescence

Layer on Glass – Bulk Recombination
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Transient Photoluminescence

Layer on glass – Bulk recombination
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Layer on Glass

Experimental data
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From time axis to QFLS axis
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Transient Photoluminescence

Layer on glass – Surface recombination
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Transient Photoluminescence

Layer on glass – Surface recombination
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Charge transfer and recombination

𝜏 = −
𝑑ln 𝜙

𝑑𝑡

−1



Data
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Charge transfer and recombination
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Charge transfer and recombination

Effect of ETL thickness and band offsets
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Transient Photoluminescence – Solar Cell

Video
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Summary of the different effects
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coevaporated Voc=1.05 V            solution-processed Voc=1.25 V 

Coevaporated vs. Solution-processed MAPI 

Solar Cells

Experimental Data – Transient PL 
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Coevaporated vs. Solution-processed MAPI 

Solar Cells

Experimental Data – Transient PL 
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Sample series of solution-processed MAPI

Experimental Data – Transient PL 
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Solution-processed MAPI – Voc=1.25 V in cell
Explain experimental Data with Sentaurus Simulations
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Solution-processed MAPI – Voc=1.25 V in cell
Explain experimental Data with Sentaurus Simulations
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Solution-processed MAPI – Voc=1.25 V in cell
Explain experimental Data with Sentaurus Simulations
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Solution-processed MAPI – Voc=1.25 V in cell
Explain experimental Data with Sentaurus Simulations
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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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Transients with bias light

Video TPV vs. TPL
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bias pulse



What is typically measured?
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How to make sense out of it
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Comparison to simulations
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