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4 Outline

# Brief introduction of our NiO, based solar cells and modules;
€ Wide-bandgap perovskites for NiO, based indoor cells and modules
€ Modification of interconnecting layers for Perovskite/Silicon Tandems

4 Summary
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Optoelectronic Materials
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Advantage of perovskite solar cells:

« high carrier mobility and absorption coefficient;

« long diffusion lengths and broad absorption wavelength;
« Tunable band gap

« low-cost and low-temperature process

« Flexible devices

« Tandem cells

Recent advances on single-junction cells and tandems
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b Inverted (p-i-n) structure
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Recent advances on large-area devices 5.22
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Module A ModuleB ModuleC  Module D

(1) 22.57% (30 cm x40 cm), Guang Yin;

(2) 22.86% (30 cm x30 cm), Mellow Energy;
(3)17.18% (1.2 m x 0.6 m), UtmoLight;

(4) 28.6% (258.15 cm? Perovskite/Si), Oxford PV;

LCOE (US cents kWh')
w &
8 8

S
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A: traditional silicon cells.

B: planar perovskite cells.

C: silicon/perovskite tandem cells.

D: perovskite/perovskite tandem cells.

~ 400 600 800 1000 1200 1400 1600
wavelength [nm]

Z. Li, etal., Joule 2018, 2, 1559-1572

Perovskite-silicon efficiency
tandem: 33.9% / 42%

Stability challenge:

All perovskite tandem:
29.1% / 44% IEC61215, IEC61730
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Why NiQO, is appropriate for development of
perovskite solar cells and tandems?

(1) High-transparent, air- and thermal stable,
material;

(2) Low-cost p-type material;

M
(3) High electron-blocking property due to high
conduction band of ~-1.8 eV;
3
(4) Efficient interconnecting layer for tandem solar g
cells; o
[}]
c
L
Y. Wang, et al., Nano Energy, 2019, 64, 103964.
Y. Wang, et al., Adv. Energy Mater., 2020, 10, 2000967
Y. Mai, et al., J. Energy Chem., 2023, 82, 25-30
Y. Mai, et al., Adv. Mater., 2023, 35, 2202447 Inverted device structure

/ Defects of NiO,,

(1) Surface defects;

(2) NiO,/Perovskite
heterointerface defects;

\

>

(3) Hole-transport barrier;

/
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Brief introduction of our NiO, based
solar cell and modules
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» No light absorption loss of FTO/NiO,/PTAA/AlLO; structure; P tlkaminaicntime {y
: i » PSM configuration with 7 sub-cells;
> Improvements of energy level match in PTAA/NiO, and PCBM/BCP/SnO, structure; & ’
: : 0 . . .
> Improvement of interface contacts and suppression of non-radiative recombination P > PSMs of PCE near 17% and high V. with 8.05 V;
by ALO;; i i > Better stability;

Y. Wang* Y. Mai¥* et. al, Nano Energy, 2021, 88, 106285.
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Hole-Transport Management for efficient charge transportation
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> Reduced non-radiative recombination by an effecient cascade energy alignment; N > PCE>23% :
> Excellent perovskite crystals with vertical growth for efficienct charge transport; : > Operational stability To,>1200/J\83 :

L. Liu, Y. Wang¥*, Y. Mai*, et. al, Nano-Micro Letters, 2023, 15, 117.
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» Excellent perovskite crystals with vertical growth;

» Passivation of GBs and buried interface defects by PMMA.

Z. Wang, Y. Wang¥*, Y. Mai¥ et. al, Chem. Eng. J., 2023, 457, 141204.
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» High V. and reproducibility;

» lcm?cell: V,=1.192V, module: V,=7.044 V
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Wide-bandgap perovskite for NiO, based indoor cells
and modules
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(23 The spectrum of indoor light
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Suitable bandgap (1.7-1.9 eV) for
IPVs
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S. Hwang, et al., Polymer Journal 2023, 55, 297-316

Billions of wireless sensors by loT system to be installed;
Perovskite IPVs as one of the most promising energy supply

candidates for loT;
Perovskite IPVs can provide safe and reliable power supply for

such a huge of loT system.
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Defects of wide-bandgap perovskites
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High-Br systems experience halide
segregation and form heterogeneous phases

W. Yang, et al., Adv. Funct. Mater. 2022, 32, 2110698
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> Lower potential fluctuation Q. Ma, Y. Wang¥*, Y. Mai¥ et. al, Device, 2023, 1, 100174
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>

perovskite modules;

1.71 eV WBG-perovsKkites;

>

High and reproducible V. ;

43.54% record indoor efficiency achieved by

80 % of the theoretical maximum (i.e., 54.40%) for

Q. Ma, Y. Wang¥*, Y. Mai¥ et. al, Device, 2023, 1, 100174
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: i :  » Formation of 2D-3D heterostructures.
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b g operational Stability. st Q- M2, Y. Wang®, Y. Mai¥* et. al, Energy Environ. Sci., 2024, 17, 1637-1644.
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Indoor cell performance
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U30 T T
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Certified record PCE of 44.72% under

U30 light;

High V. of 1.07 V and FF of 82.3%.
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Q. Ma, Y. Wang*, Y. Mai¥* et. al,
Energy Environ. Sci., 2024, 17, 1637-

1644.
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Modification of interconnecting layers for
perovskite/silicon tandems
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chloride (x-MeO-PEAC]I) as heterointerface anchor ligands;

» A trace amount of any type of x-MeO-PEACI significantly improve

solar cell performance.
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» The presence of 3-MeOPEACI at the heterointerface assists in the nucleation and crystal

» Excellent perovskite crystals (size ~ 510 nm) with vertical growth and no observable voids.
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a more uniform distribution in PL emission (~725 nm).
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NiOx based hybrid Interconnecting Layers (ICLs) {
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» Reduced current leakage losses through hybrid ICLs ITO/NiO,-SAMs; J. Zheng, Y. Wang*, W. Duan*, Y. Mai* et. al,

» Suitable energy diagram for efficient hole transportation; Cell Reports Physical Science, Under revision
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(;,\,: One-step processed 2D perovskite formation at buried interface
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> Excitation density dependence of PL spectra; » APCE over 26% for an aperture area of 1.158 cm? in tandam cell;

» Current matching in both front and bottom subcells.

Manuscript in preparation

» Formation of 2D perovskites at buried interface near to substrate.
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(2) Summary

(1) Interface cascade energy alignment improves charge transport and suppresses ion migration;

it iy gg .
(2) Hole-transport-management facilitates hole transportation, resulted in a PCE over 23% in ) 53 II EIIII %H I
NiO,-based inverted PSCs; |

(3) Green antisolvent-mediators can effectively passivate defects presented at buried interfaces and
GBs of perovskites;

(4) Bulk and interface defect engineering of wide bandgap perovskite enables 44.72% and 43%-
efficient NiO, based indoor perovskite solar cells and modules; l

(5) Modification of interconnecting layers reduce current leakage and non-radiative recombination
Losses for efficient perovskite/Si tandems.

\ 4
) g Fabrication of indoor and outdoor perovskite solar cells and

modules;
Substrate

Interface modification: modification of NiO,
defects and energy diagram;

111.6um

HTL

Perovskite

Perovskite: Wide-bandgap perovskites for indoor
photovotaics and tandem solar cells;
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