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PART O: INTRODUCTION
TRANSIENT PHOTOLUMINESCENCE AND LIFETIMES
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PART 1: RECAP FROM HOPV 2022
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How to make sense out of it 'J JULICH
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How to make sense out of it 'J JULICH
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PART 2: ANALYSIS OF SMALL SIGNAL MEASUREMENTS
RECOMBINATION VS. EXTRACTION
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Experimental data — internal vs. external voltage JJ JULICH
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Transient Methods — Recombination and ‘J JULICH
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Recombination and Extraction
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Collection Efficiencies and Impact on JV curves

(@)
~ 10k 9-0 9o
= e,
H_/ 1 SechR ° QQ
.%:J L d 2 L 2 L \QI
1.0 T T T T T
I D - Q - ]
R R ()
@ ~ '
S osf —d °% ]
_L9L7 ! 1+ N )
L TRSexc Q\Q
O-O [ 2 L 2 L 2 L 2 L
0.9 1.0 1.1 1.2 1.3

open-circuit voltage V. (V)

current density J (mA/cm?)

o r————7————
(C) ]
5} A
—— measured
-10 F —9-reconstructed -
O reconstructed, Rg-corrected I
—O~— reconstructed, ideal P ]
-15 F I -
I P
-20 00000\ .
r. M M 1 M M M 1 M M M 1
0.0 0.4 0.8 1.2

voltage V (V)

qVext

J{_p[ ]G}

2k, T

Krickemeier, L., et al. (2023),. Adv. Mater. 2300872. https://doi.org/10.1002/adma.202300872

10.08.2023

JULICH

Forschungszentrum



https://doi.org/10.1002/adma.202300872

Frequency-Domain Methods
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PART 3: SHALLOW DEFECTS
AND HOW THEY CHANGE THE SITUATION
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Defect levels assumed in the modelling
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On the presence or absence of deep defects lJ JULICH
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PART 4: REPETITION RATES
AND HOW THEY AFFECT DECAY TIMES
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Why r=1t can be a decent approximation 9 JULICH

Forschungszentrum

107§ 1 T104t°
£ 1072 ;'~\ __ TCSPC, from 1 MHz to 20 kHz 1 :%
E 103} (the same to Fig. 1c) , © 1951
< 10* %
8 10° ] 8. &
S 10° i81
3 107 ] =
E 18'8 _ g 10_75‘ -,
S 9 gated CCD E i Jd
1](.)(_)10 ; = 108 y’ gated CCD |
o 100 200 300 108 107 10 105 10°%
time t (us) time t (s)
dn(t) -1 n(0)
2 — —_ ~
= — Taier = kn t n(t) = ~ 1 kt
dt kn diff ( ( )) ( ) 1+ Tl(O)kt /( )




Why r=1t can be a decent approximation 9 JULICH

Forschungszentrum

100

10 [\
~\ _, TCSPC, from 1 MHz to 20 kHz 1

10
103 (the same to Fig. 1c) E

104
10°
10
1077
108
107°
10-10

|—\

Q
N
T

<
o1
T

[

<
~

il

\

luminescence ¢ (norm.)

gated CCD

differential decay time 7 (S)
|
o
(o3}

~ . ) y/ gated CCD |
o a0 @m0 30 100 107 10° 105 107
time t (us) time t (s)
n(0)
1+ n(0)kt

[ -
o
©

~ 1/(kt)

—kn? Tdiff = (kn(t))_l n(t) =




Summary 9) JoLicH
If a sample is intrinsic, the following holds:
« Every decay not dominated by a deep defect will lead to non-exponential
decays.
« Those are often similar to radiative recombination (even if they are not)
« They will automatically lead to t4i = t implying that decay times determined
towards the end of a decay are ~ the inverse repetition rate.
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The importance of dynamic range ‘J JULICH
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