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Efficiency Evolution of Photovoltaics
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Efficiency Losses During Upscaling

Large efficiency gap between small-size devices
and large-area modules
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O Scalable coating of high-quality perovskite films
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Efficiency Losses During Upscaling

Crystallization protocols are
difficult to be transferred to
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Control crystallization dynamics

U Crystal structure
Phase purity, crystal orientation, phase

Pros & Cons:
segregation, defects ...

«/ Easy to handle in lab

+ Small amount of solution i Co
' Good at producing uriform fim It is of essential importance to control

X High material waste (> 90%) crystallization dynamics to achieve large
X Non scalable (< 5x5 cm?) scale fabrication of perovskite thin-films

X Unable to translate to scalable lines

Nature Reviews Materials, 2018, 3, 1-20.
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Established Crystallization Protocols
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Our Printed Perovskites

' Since 2017 Jinan Uni |

Precursor ink

Dimensionality

Scalable crystallization technique

Coating directio”

Blade coating Freshly coated film Vacuum Intermediate phase Crystalline Perovskite

Precursor coating Vacuum extraction

Adv. Funct. Mater., 2019, 29, 1900964.

Annealing
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Our Method - Vacuum Quenching
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Our Method - Vacuum Quenching

Crystallization dynamics

Additive MACI: Modulate crystal morphology and stabilize phases
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Our Method - Vacuum Quenching

MAPDI3 cystal quality
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Our Method - Vacuum Quenching

Importance of vacuum With vacuum

10% MACI

Without vacuum
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Why Tandem Architecture ?

Intro

Single-junction Multi-junction
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Institute of New Energy Technology Solar energy materials and solar cells, 2006, 90, 2952.

Two-junction

45%

N
L1

N
L1

Ag

N-type thin-film

PCBM

P-type thin-film
N-type thin-film

Wide-Gap Absorber

P-type thin-film

ITO/glass

Narrow gap

O Thick enough to ...
Charge recombination

O High transmittance

O Low ohmic resistance

O Prevent solvent penetration
Wide gap

O Low voltage loss
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Printing Low-bandgap perovskites Narrow
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Printing Low-bandgap perovskites

Narrow

Passivation with PEABr (Two-step)
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2D/3D Mixed Pb-Sn Perovskites
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Printing Wide-bandgap Perovskites

Wide

Blade coating Freshly coated film Vacuum

Precursor coating

Vacuum extraction
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-7.735 - - -93.98 -102.798  -1.083

The strongest binding strength between NMP and
Pbl,, enables to form an intermediate adduct more
stable than DMSO and DMF, finally giving rise to
controllable crystallization kinetics.

Y.C. Zhang, et al., Nano Energy, 2023, 114, 108653.
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Printing Wide-bandgap Perovskites

Wide

Current Density (mA cm?)
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Printed Perovskite Tandems Charge RC

Perovskite - Perovskite

—o— NBG PSC
—o— WBG PSC
—o— Tandem device

Ag
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PEDOT:PSS
PCBM

Current density (mA cm™)

PTAA
ITO/Glass Voltage (V)
Wide-bandgap 20.32 81.22 20.84
Narrow-bandgap 0.80 29.47 75 17.57
All-perovskite tandem 2.05 14.66 78.7 23.65
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Printed Perovskite Tandems Charge RC .

Perovskite - Organic
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Printed Perovskite Tandems Charge RC .

Perovskite - CIGS
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Summary

o Developed a generic VACUUM-QUENCHING crystallization method, which enables to
scalable deposit high-quality large-area perovskite thin films of different bandgaps for
versatile applications.

o Identified that NMP is an ideal solvent in controlling crystallization kinetics of scalable
process wide-bandgap perovskite thin films.

o All-perovskite and perovskite-organic tandem devices are fabricated based impermeable
ALD-deposited SnO2 charge recombination layers.

o Novel Cr-based charge recombination layers without ALD procedure are developed to build
perovskite-perovskite and perovskite-organic tandem devices.
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