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Metal halide perovskites are (not) new

éE,Xs\ CsPbBr,

cations Anion

Protesescu et al. Nano Lett. 15, 3692 (2015).

« all-inorganic metal halide perovskites (IHPs) CH;NH,Pbl,
 organic-inorganic metal halide perovskites (OIHPSs)
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Solar cell efficiencies
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From 3D to low dimensional

ABX,
2D quantum well
organic
Quasi 2D E,
perovskite
LowD
=0 n=1 « Better solution
3D 2D processable and
environmental stability

« Take advantage of
quantum confinement
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Perovskite solar modules

EPFL, May 2024
(3D/2D) 25.3%

Min. sustainable price

Nazeeruddin et al. ACS Energy Lett. 2022, 7, 9, 3039

Perovskite solar panels : 0.25 - 0.69 $/Wp
Si solar panels: 0.34 - 0.54 $/Wp
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Halide perovskites — 21st century semiconductors

aspects of electronic materials* 11



What are the challenges?

Schmidt-Mende et al. APL Mater. 9, 109202 (2021).

Transient absorption
techniques based on
ultrafast laser techniques
provide insights

We are pursuing a solvent-free synthesis of

halide perovskite thin films.

Carrier multiplication and hot carrier extraction are some pathways
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CVD growth of halide perovskites (MAPDI,)

Jamal et al. Renew. Sustain.
Energy Rev. 98 469 (2018).

« Two or three zone furnace

« The PDbl, source is
vaporized at 380 °C

 MAI is vaporized at 180 °C

Step 1 Step 2
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Optical and solar cell properties .

All measurements in air Air stability > 21 days

Bryant et al. Energy Environ. Sci.
9, 1655 (2016).

« Samples exposed to uncontrolled
humidity (80%) and temperature up to

23 °C.
n « Solar Cell PCE of 11.7%
_ FFXVoc X Jsc - Maintains 85% of its PCE after 21
B P days in open air

Ngqgoloda et al. ACS Appl. Energy Mater. 3, 2350-2359 (2020). 116



CVD growth of 2D perovskites
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Strong excitonic features

Arendse et al. ACS Appl. Mater. Interfaces 15, 59055 (2023). 1



Spectroscopy with short pulses

ECCS (MRI) 1827846 Pump-probe spectroscopy
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Typical transient absorption features — 2D perovskites

Decay Kinetics

(Babaian et al., under revision, 2024)
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ks dominates at early times
k, dominates at later times
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Relaxation and cooling dynamics

Strategy for increasing V¢
Hot carrier extraction — harness the resonant
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{- Extended relaxation times (~ ps)

 Low carrier-phonon coupling

Dai et al. Light: Science & Applications (2023) 12:208
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“Not so good ne s for 2D perovskites” and ha t next?
AA(hw) < exp(—hw/(kgT,))

» \Very fast cooling times (compared to 3D perovskites).
» Relaxation of carriers via Frohlich interaction.
» Absence of a phonon bottleneck process.

N What next?
A A PEAPDI, « Mixed Pb-Sn perovskite nanocrystals show
slow cooling times.
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* Hetero-stacked perovskites with graphene
and other 2D chalcogenides.
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