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PART O: INTRODUCTION
TRANSIENT PHOTOLUMINESCENCE AND LIFETIMES

IJ JULICH

Forschungszentrum

HELMHOLTZ oo cralences



Transient Photoluminescence ‘J JULICH

Forschungszentrum
Layer on Glass — Bulk Recombination\ ™"

100 . v 1 v 1 v 1 v 1 v E | v 1 v 1 v 1 v 1 v 1
T . 2 s lower laser fluence |
9 9 s 200E\ e 1w
i - -~ - - - 2u @
— [ S . - N ] (XY
T = 102 loy, Tea 3
n © E el‘ /a "o, - .E ()
v /> ¥ " e, £
g 103 3 2 us E § E
S i 5 ] O 3 ]
tp Krad = s 1 ° dl h '
v v 10-4 E 3 10-8 T — M
C | A
10-5 z 1 z 1 z 1 z 1 z [ z 1 z 1 z 1 z 1 z 1
0.0 0.2 0.4 0.6 0.8 1.0 1.0 1.1 1.2 1.3 1.4 1.5
time t (us) Fermi-level splitting AE. (eV)

&

dn 2 n . . <
— =K 4N — — SRH + radiative recombination ime




Transient Photoluminescence
Layer on Glass — Bulk Recombination

substrate

1.0 11 1.2

JULICH

Forschungszentrum

/.

[ 2 US

lower laser fluence |

1.3 14 1.5

Fermi-level splitting AE. (eV)

10° . — .
@0 N 1 o
o el 2 ©
—_ [ " . - S [
T e 10-2 E /OW Rk 3
n 3 €r|. REC IS [¢8)
v % § - aser fluen, E g 107”7
g 10-3 E 2“3 3 §
tp Krad e Xy S
\ 4 \ 4 4l i
10 E 3 10-8
10-5 . 1 . 1 . 1 . 1 .
0.0 0.2 0.4 0.6 0.8 1.0
time t (us)
n 1
T . = — — .
diff Decay Time
dn/dt  kn+1/(z, +7,)

time

J ‘

22.03.2024 4



PART 1: SHALLOW DEFECTS
AND POWER LAW DECAYS

JULICH

HELMHOLTZ ceiocraciences ‘J




Power Law Decays vs. Exponential Decays @) JULICH

Forschungszentrum

0
. 10 ?W ' L | ' LR | ' LR | T LRI | §
£107F
21072} é
<1038} ]
@ § ;
8 10_4;' '
(D) N ]
g 10-5;' '
S C ]
E 10_65' "
- - ]
2107k
o 5 ;
ﬁlO'Sg 3

1073 1072 107 10° 10! 107

time t (us)

22.03.2024 6



Power Law Decays vs. Exponential Decays @) JULICH

Forschungszentrum

0
E'lO'lg' ;
2107}
<1073}
107

S 104}

- dn(t)

] 2
+ dt

—kn

n(0)

1 n(t) =

L g s 1+n(0)kt
glO-S' ' ()
£ X 1

£ 10°k

S : ) -
= -7 F symbols: experimental
10 7L y p

3 = dashed: ¢ oc t7
o 8, ashed: ¢ oc

g‘igg dotted: ¢ oc V7 :
10% 102 10t 10° 10t 107

time t (us)

w

+—

Q




Power Law Decays vs. Exponential Decays ‘J JULICH

Forschungszentrum

o so;id+cl:ircltle: exlperilmer;tal
dashed: ¢ oc t2 1 What would you use to fit
dotted: ¢ oc € 1 theredline?
o, : dn(t) 2
) dt
k= :
£
= O
2 °-o- ] 1+ n(0)kt
10 8 O-o-e_@_@_o.‘o‘ ]
= 107 r=0.1pus Q“G‘G~e-—.£
0) 20 40 60 80 100 120 140 160
time t (us)

22.03.2024 8



Power Law Decays vs. Exponential Decays @) JULICH

Forschungszentrum

solid+circle: experimental
dashed: ¢ oc t2 1 What would you use to fit

the red line?

10°
=107
2107
S103F,
(D)
210

R dn() _
0 10

dt

6 O Orr o ]
E 10_7 ¢ oC t'2 o"‘-'-o-—-O'---G-—-q-o/..f n(O)
g 10 n(t) =
2 108 1+ n(0)kt
S 10

107

ol

dotted: ¢ oc V7

—kn?

8 10 12 14 16
time t (us)

22.03.2024 9



Power Law Decays vs. Exponential Decays @) JULICH

Forschungszentrum

100 I I I I I I I -
£ 107 F¥ r=1ps 1 What would you use to fit
2107 *O0e 0ouy 1 the red line?
i‘ 1073 Teel. O\O\O\O\o\o -'
24F T e . ——O0——0—__ ]
e10%y T T TS dn(t)
N 105 o t? ] = —kn?
& 10 Z dt
£ 10° 5
E | solid+circle: experimental 7=0.1pus (0)
S 107 fashed: g o 2 n(e) = —
S gs} et ; 1+ n(0)kt
- dotted: ¢ oc €77
10-9 . 1 . 1 . 1 . 1 . 1 . 1 . 1 . ]
00 02 04 06 08 10 12 14 16
time t (us)

22.03.2024 10




High dynamic range tr-PL
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Defect levels assumed in the modelling ‘J JULICH
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On the presence or absence of deep defects l) JULICH
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Steady State vs. Transient Decay Time 9 JULICH
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Steady State vs. Transient Decay Time
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Simulations and Analytical Approximations 9 JULICH
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Steady State vs. Transient Decay Time 9 JULICH
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Steady State vs. Transient Decay Time 9 JULICH
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PART 2: REPETITION RATES
AND HOW THEY AFFECT DECAY TIMES
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Decays vs. repetition rates
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Why r=1t can be a decent approximation 9 JULICH
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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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Fluence Dependence 9 JULICH
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The importance of dynamic range ‘J JULICH
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Simulations and Analytical Approximations
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