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Research: Past — Present — Future

r Today _l

Organic PV

OLEDs

OTEGs >

— Cross-sectional topics —

» Electrical doping
« Surfaces & interfaces
* Printable electrodes

Perovskite PV >
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PV Beyond Perovskites
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Microstructure of MAPDI,; thin-films?

(110)

(220)

XRD

Large grains on PEDOT:PSS, PV n=16%
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z - EBSD
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Ferroelectricity

32 crystalline classes

21 non-centrosymmetric 11 centrosymmetric

20 piezoelectric

10 pyroelectric
non-pyroelectric non-piezoelectric
ferroelectric non-ferroelectric
PbZr/TiO,, BaTiOs,, Tourmaline, ZnO, Quartz. L it
PbTiO, AIN uartz, Langasite [Wikipedia 2018]

Ferroelectric materials exhibit a permanent dipole
and hence form twin-domains.
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Ferroelectricity
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Ferroelectric Properties ?

180°
domain wall

\

90° domain wall

12 June 21, 2022 Alexander Colsmann

Formation of domains
reduces stress ...

Ferroelectricity
Reduction of electrical
stress

Ferroeleasticity
Reduction of mechanical
stress
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Piezoresponse Force Microscopy (PFM)
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PFM, 4x4 pm?

Topography ?



PEM, 4x4 ym?

Topography ?
No.

Surface effect ?
Bulk-property




PFM, 4x4 um?

Topography ?

Surface effect ?

Ferroelasticity ?

lonic charges / migration”?
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Topography EBSD

LPFM KPFM
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Ferroelectric Poling
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Ferroelectric Poling

[H. Rohm et al., Adv. Funct. Mater. 2019, 1908657]
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Ferroelectric Poling

Electrode 1

E-Field

Electrode 2

[H. Rohm et al., Adv. Funct. Mater. 2019, 1908657]
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Ferroelectric Poling

[H. Rohm et al., Adv. Funct. Mater. 2019, 1908657]
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What have we learned about the domains?

1 ® Domains are ferroelectric
1 T a Polarizable in E-field
T e LPFM/VPFM contrast
T T ® 180° phase contrast
T T B Surface potential modulation

® The c- axis is oriented in-plane

® Polarization is oriented 45° towards
domain walls

® Poling voltages are on the order of
measurement voltages

[H. Rohm et al., Adv. Mater., 2019, 26, 1806661]
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MAPDI, is ferroelectric — so what?

1. Influence on J-V measurements? 2. Influence on excitons
High €, non-excitonic

3. Influence on charge carrier
separation & extraction

[H. Rohm et al., Adv. Funct. Mater. 2019, 1908657]
[A. Colsmann et al., IOP J. Phys. Energy, 2019,
doi:10.1088/2515-7655/ab5b71]

[S. Liu et al., J. Phys. Chem. Lett. 2015, 6, 693-699]
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Importance of Ferroelectric Domains

f

T T SRH recombination [cm?sY]

Table S1 Parameters used in the device simulations.

Parameter Symbol | Value
Relative permittivity € 40

Hole and electron mobility Un. Hp 1 cm?*V-is!
Direct recomb. constant ke 10 em’ 7!
SRH carrier lifetimes To. Tp 5-101%g

[D. Rossi, A. Colsmann, A. Di Carlo et al., Nano Energy 2018, 48, 20-26]
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Only effects from
horizontal polarization!
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Target Morphology



Importance of Ferroelectric Domains

[T. Leonhard et al., J. Mater. Chem. A 2021, 9, 21845]
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VPFM 30 s annealing LPFM 60 min annealing



Importance of Ferroelectric Domains
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Importance of Ferroelectric Domains

[T. Leonhard et al., J. Mater. Chem. A 2021, 9, 21845]
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From MAPDI; to Triple-Cation Perovskites

[A. Schulz et al., Solar RRL 2022, 2200808]
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From MAPDI; to Triple-Cation Perovskites

[A. Schulz et al., Solar RRL 2022, 2200808]
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From MAPDI; to Triple-Cation Perovskites
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Take-home message: MAPDI; is ferroelectric
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Domains are ferroelectric
@ Polarizable in E-field

@ LPFM/VPEFM contrast

® 180° phase contrast

® Surface potential modulation

c-Axis is oriented in-plane

Polarization 45° towards domain walls
Horizontal polarization helps cc extraction
Orientation change upon ann.

Vpol = Vj—y

Ferroelectricity does not occur in TC-perovskites
Design criterium for future PV materials ?
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