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Introduction to the Degradation Mechanism and Stability Improvement of

Perovskite Solar Cells
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Up to date, the reported conversion efficiency of perovskite solar cells (PSC) is
quickly increasing compared to other photovoltaic technologies. Its conversion
efficiency has increased by 6 times in the last 10 years to reach 25%, which is
approaching the efficiency record of silicon solar cells. Although its efficiency
is progressing rapidly, the stability of perovskite solar cells under light, humidity
and heat environment is still a big challenge for future applications. This article
mainly introduces the degradation mechanism of perovskite solar cells exposed
in moisture, temperature, light, oxygen and bias environments, and then methods
to improve the stability. Finally, the international progresses in the stability of
perovskite solar cells are also introduced.
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Temperature

Decomposition of MABX3 due
to structural phase transition

Oxygen

MAPbDBX; reacts with O, and
decomposes if electron transfer
at the interface is not efficient.

Light (UV)

Light activated meta stable traps
created inhomogeneous electric field
UV: Triggers surface defects of TiO»
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Moisture

Hydration of MABX3 in
presence of water

Intrinsic

Interfacial degradation,
corrosion with back contact,
CH3NH3PbBr3; > CH3NH3PbBr3
Degradation by HSC/ESC

Electric Field
Electric field induces
migration of ion resulting in
charge accumulation at the anode
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Passivation Layer Stability Test Initial PCE/% Degradation
Al,O4 1,680 h 40~70%RH 18%/30~40%
Alkylalkoxysilane 600 h 45%RH 13.7%/10%
Hydrophobic Thiols 250 h 45%RH 12%/25%
Oleic Acid 672 h 76%RH 9.1%/Improved 8%
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VT EBEREXBTHANERETEREREREEEIN?
CTL ﬁg:f;giz Device Configuration O[;tér;al Stability
NiOy ITO/NiO,/P/PCBM/Al 15.35% |>80%, 40 Days, Nitrogen Glove Box, Dark
Cu:NiO, |ITO/Cu:NiO,/P/PCsBM/Cgo/Ag | 17.74% |>90%, 240 Hours. In Air
Cul FTO/TiOy/P/Cul/Au 6.0% illl—lll(l)llillrlzt?(/)lsx1mum Power Output. Continuous
GO ITO/GO/P/PCBM/ZnO/Al 12.4% |-
HIL RGO ITO/RGO/P/PCBM/BCP/Ag 10.80% |>62%, 140 Hours. In Air
Cu,O ITO/Cu,O/P/PCBM/Al 8.2~11% |—
CuSCN | ITO/CuSCN/P/C4y/BCP/Ag 16.6% | Almost Invariable, 28 Hours. Ambient Air, Dark
CuOy ITO/CuO4/P/Cso/BCP/Ag 17.1% [>90%, 200 Hours. In Air
CoOy ITO/Co0O,/P/PCBM/Ag 14.5% [>90%, 1,000 Hours. Nitrogen Glove Box, Dark
ZnO ITO/ZnO/P/spiro-/Ag 15.7% |-
SnO, FTO/SnO,/P/spiro-/Ag 18.4% | Stable for 30 Days. Dry Air
In, O3 FTO/In,05/P/spiro-/Ag 14.83% |—
WO, FTO/WO,/P/spiro-/Au 10.0% |20%, 10 Hours. AM 1.5G Illumination
ETL | W(Nb)O4 |ITO/W(Nb)O,/P/spiro-/Ag 15.65% |—
CeOy FTO/CeO,/P/spiro-/Ag 17.04% |>85%, 300 Min. In Air, AM 1.5 Illumination
Nb,Os | FTO/Nb,Os/Al,03/P/spiro-/Au 10.3% |-
Zn,Sn0O4 | FTO/ZnSnO4/P/spiro-/Au 13.4% | 10%, One Month. Ambient Air
BaSnOj:La | FTO/BaSnO5:La/P/PTAA/Au 21.2% |>90%, 100 Hours. AM 1.5G Illumination
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Glass Ave. % of

Barrier Metal Stability Tests sl | e BOE
ITO Ag |100°C in Ambient, 1 Sun MPPT, 124 h No 80%
ITO Ag [80°C, N,, Dark, 1,000 h No 100%
Ca?;iihgﬁif?ég «| Ag [85°C.S0%RIL Dark, 500 h; 1 Sun, Ambicnt, 1,000 h Yes 98%; 88%
Cr,05 Au |MPPT 1 Sun, Ambient, 194 h No 64%
CuPC Au |85°C, N,, Dark, 1,100 h; 50 Cycles, -40 to 85°C No 97%; 98%

Resistive Load, 0.77 Suns, Actively Cooled to 30°C,

MoO,/(A1,03)Al Al 10~20°%RH. 1,000 h No 88%
AZO/SnOy Ag |25°C, 60%RH, Dark, 1,000 h; 60°C, N, Dark, 3,000 h No 92%; 99%
Cross-linked HATNA | Ag |70°C, N,, Dark, 900 h; 70°C, 1 Sun, Ambient, 100 h No 100%; 86%

PDCBT/Ta-WOy Au |1 Sun, N, Room Temp, 1,000 h No 95%

ALD AZO Al, Ag |85°C, 1 Sun, Ambient, 500 h No 87%
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TFE Materials Thickness Stability Test/% Degradation of Solar Cells
Teflon N/A 168 h 50%RH/9%
Adamantane Nanocomposite 200 nm 216 h 85%RH/27%
UV Curable Fluoropolymer 5 um 2,190 h Outdoor/5%; 730 h 95%RH/5%; 2,190 h UV 50%RH/0%
AL O;3/pv3D3 800 nm 300 h 50°C-50%RH/3%
Viewbarrier 240 um 500 h 30-80%RH/0%
Organosilicate 200 nm 150 h 85°C—-85%RH/45%; 3,176 h 85°C-25%RH/8%
(a) (© 11
i _ Superstrate Glass
Glass Cover Il Desiccant _ ?
I Epoxy Resin (FA) Perovskite
Fro 1 | FTO o - (HC(NH»),)Pbl; | |
Glass Substrate
Gl
[ Glass Cover Glass
(b) Il Perovskite
E - Spiro-OMeTAD (d) Solar Glass (1.2 mm)
Encapsulant
Silver
FTO | FTO

Glass Substrate

[ TO;,

Solar Glass (0.7 mm)
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