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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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How can transient methods help…

…to study recombination and voltage losses
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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 – Surface recombination
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General idea
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Charge transfer and recombination
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Data
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Charge transfer and recombination
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Transient Photoluminescence – Solar Cell

Video
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Bulk lifetime variation, S=0.1 cm/s, laser fluence 10 µJ/cm2

18.01.2021 11



Large signal lifetime from TPL (wo bias)

Experiment vs. Simulation
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Large signal lifetime from TPL (wo bias)
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Bulk lifetime 10 µs, laser fluence 10 µJ/cm2
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Transient Photoluminescence (TPL) Transient Photovoltage (TPV)

measures the decay of an external voltagemeasures the luminescence decay



Transients with bias light

Video TPV vs. TPL
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bias pulse



TPV Decay Constants

Small signal transients
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Experimental data – internal vs. external voltage
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TPV Decay Constants

Experiment vs. Simulation

18.01.2021 18

1.0 1.1 1.2 1.3 1.4

10-7

10-6

10-5

d
e
c
a
y
 c

o
n
s
ta

n
t 

t 
(s

)
open-circuit voltage Voc (V)

2 µs

1 µs

500 ns

50 ns

100 ns

10 µs
bias light

200 ns

'C219REIN_085_22_c1_100Hz_1270mV_puls0p9OD_20mVdiv_5usdiv_shortcable_n1000_big3800um_bias55mW2suns_ch200000.txt'

'C219REIN_085_22_c1_100Hz_1263mV_puls1p2OD_5mdiv_5usdiv_shortcable_n1000_big3800um_bias27p5mW1suns_ch200000.txt''C219REIN_085_22_c1_100Hz_1258mV_puls0p1p2OD_20mdiv_1usdiv_shortcable_n1000_big3800um_bias23p4mW0p85sun_ch200000.txt''C219REIN_085_22_c1_100Hz_1251mV_puls0p1p35OD_20mdiv_1usdiv_shortcable_n1000_big3800um_bias27p5mW0p15OD0p7suns_ch200000.txt'
'C219REIN_085_22_c1_100Hz_1244mV_puls0p1p45OD_20mdiv_2usdiv_shortcable_n1000_big3800um_bias15p4mW0p56suns_ch200000.txt''C219REIN_085_22_c1_100Hz_1240mV_puls0p1p45OD_20mdiv_2usdiv_shortcable_n1000_big3800um_bias27pmW0p3OD0p5suns_ch200000.txt'

'C219REIN_085_22_c1_100Hz_1230mV_puls0p1p6OD_20mdiv_2usdiv_shortcable_n1000_big3800um_bias22mW0p3OD0p4suns_ch200000.txt'

C219REIN_085_22_c2_100Hz_1205p5mV_puls1p75OD_20mVdiv_5usdiv_metallbox_n10000_big3800um_bias27p5mW0p6OD_ch200000

'C219REIN_085_22_c1_100Hz_1162mV_puls2p15OD_20mdiv_5usdiv_shortcable_n1000_big3800um_bias27p5mW1OD0p1suns_ch200000.txt'

'C219REIN_085_22_c1_100Hz_1119mV_puls2p15OD_10mdiv_5usdiv_shortcable_n1000_big3800um_bias27p5mW1p3OD0p05suns_ch200000.txt'

'C219REIN_085_22_c1_100Hz_1080mV_puls2p45OD_20mdiv_5usdiv_shortcable_n1000_big3800um_bias27p5mW1p6OD0p025suns_ch200000.txt'

'C219REIN_085_22_c1_100Hz_1013mV_puls2p6OD_5mdiv_50usdiv_shortcable_n1000_big3800um_bias27p5mW2OD0p01suns_ch200001.txt'

1.00 1.05 1.10 1.15 1.20 1.25 1.30

10-6

10-5

d
e
c
a
y
 c

o
n
s
ta

n
t 

t 
(s

)

open-circuit voltage Voc (V)

TPL 2exp

TPL monoexp

TPV monoexp



Summary
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