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Solar cell & Sun UJ JULICH
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Balance Between Generation and Recombination 9 JULICH
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The Current-Voltage Curve
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Shockley-Queisser Limit 9 JULICH
Shockley and Queisser, J. Appl. Phys. (1961)
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Efficiency trends for different PV 9 JULICH
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Luminescence vs. Open-Circuit Voltage ‘J JULICH
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Luminescence vs. Open-Circuit Voltage ‘J JULICH
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Measuring indirectly the quasi-Fermi-level splitting
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Measuring indirectly the quasi-Fermi-level splitting
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Measuring indirectly the quasi-Fermi-level splitting
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Screening of contact layers for high V. 'J JULICH
Triple cation recipe from Potsdam University
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...and associated losses .
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Development of perovskite solar cell efficiencies 'J JULICH
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Why are charge carrier lifetimes relevant?
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Why things are more difficult in reality than ‘J JULICH
In theory?
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Transient Photoluminescence in Lead-Halide
Perovskite Layer Stacks and Solar Cells

perovskite layer layer stacks complete cell
transport layer contact layer 4

g JULICH

Forschungszentrum

ETL

perovskite perovskite perovskite

perovskite

ITO ITO ITO
substrate substrate substrate substrate substrate

recombination interface charging _ : _
electrode charging electrode discharging

complexity of data interpretation

Krickemeier et al. (submitted 27.11.2020 28




Transient Photoluminescence ‘J JULICH

Forschungszentrum

Layer on glass - Video
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Transient Photoluminescence ‘J JULICH
Layer on Glass — SRH Recombination
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Transient Photoluminescence
Layer on Glass — Bulk Recombination
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Layer on Glass — Bulk Recombination
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Layer on Glass — Bulk Recombination
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Transient Photoluminescence ‘J JULICH
Layer on glass — Bulk recombination
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Layer on Glass 'J JULICH
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 ‘J JULICH
Layer on glass — Surface recombination
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Charge transfer and recombination
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Charge transfer and recombination ‘J JULICH
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Charge transfer and recombination ‘J JULICH
Effect of ETL thickness and band offsets
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Transient Photoluminescence — Solar Cell 'J JULICH
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Large signal lifetime from TPL (wo bias) ‘J JULICH
Bulk lifetime variation, S=0.1 cm/s, laser fluence 10 pJ/cm?
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Summary of the different effects 'J JULICH
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Coevaporated vs. Solution-processed MAPI ‘J JULICH
Solar Cells

Experimental Data — Transient PL
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Coevaporated vs. Solution-processed MAPI 'J JULICH
Solar Cells
Experimental Data — Transient PL
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Sample series of solution-processed MAPI

Experimental Data — Transient PL

normalized tr-PL ¢, 5,
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Solution-processed MAPI -V _.=1.25 V in cell
Explain experimental Data with Sentaurus Simulations

differential decay time 7, (S)
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Solution-processed MAPI -V, .=1.25 V in cell 'J JULICH
Explain experimental Data with Sentaurus Simulations
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Solution-processed MAPI -V, .=1.25 V in cell ‘J JULICH
Explain experimental Data with Sentaurus Simulations
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Solution-processed MAPI -V, .=1.25 V in cell ‘J JULICH
Explain experimental Data with Sentaurus Simulations
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Transient Photoluminescence (TPL) Transient Photovoltage (TPV)

[ measures the luminescence decay ][ measures the decay of an external voltage ]
TPL leed laser TPV
“
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Metaanalysis: TPV vs. TPL

Fairly poor correlation between

the two decay times. Why?

TPL Vlsed laser TPV

gated Si-CCD
camera
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&\? PLintensity /
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small signal decay time 5, (s)
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Transients with bias light 'J JULICH
Video TPV vs. TPL

0.0000 ns 0
3 ; 10 r\
bias pulse Ag PCBM  perovskite ~ PTAA ITO R
ol E10%g
E N 10 | |
L 0 500 1000
> time t (ns)
g 0 ~] 1.3500
o :
. ® W1.3000 -
-1F —— i
2 1.2500
— S
_2 1 L 1 1 1 1 1.2000
0 0.1 0.2 0.3 0.4 0.5 0.6 10° o TG

location x (um) time ¢ (ns)




What is typically measured?

TPL
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laser pulse
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How to make sense out of it 'J JULICH
TPV

Forschungszentrum
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Comparison to simulations ‘J JULICH
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single junction 1
SQ limit

05 10 15 20 25 30 35
band gap energy E; (eV)

2) Interpretation of

decay constants as a

function of sample
geometry
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1) From ideal solar cells (SQ model) to real
solar cells. Interfaces are a substantial

factor for ., < 750
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Guide for the perplexed to the Shockley-
Queisser model for solar cells

The Shockley-Queisser model is a landmark in photevoltaic device analysis by defining an ideal situation as
reference for actual solar cells. However, the model and its implications are easily misunderstood. Thus, we present
a guide to help understand and to avoid misinterpreting it

Jean-Francois Guillemoles, Thomas Kirchartz, David Cahen and Uwe Rau
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The impact of energy alignment and interfacial
recombination on the internal and external
open-circuit voltage of perovskite solar cellst
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