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with permission from Ref. [10], Copyright © 2016 The Royal Society of
Chemistry

Figure 1 (Color online) Crystalline structure of inorganic-organic
hybrid lead perovskite. Reprinted with permission from Ref. [10], Copy-
right © 2016 The Royal Society of Chemistry
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Figure 2 (Color online) Diagram of different types of perovskite solar cell structure
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Figure 3 (Color online) One-step and two-step spin-coating procedures
for perovskite formation. Reprinted with permission from Ref. [31],
Copyright © 2014 Nature Publishing Group
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Figure 4 (Color online) Degradation mechanism under UV illustration.
(a) Oxygen absorption on the vacancy. (b) Recombination of holes in
TiO, with electrons on oxygen site. (c) Recombination of holes in HTM
with the free electron left on TiO,. (d) Recombination of holes in HTM

with electrons reduced by dye. Reprinted with permission from
Ref. [19], Copyright © 2013 Nature Publishing Group
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Figure 5 (Color online) Device stability performance after adding Sb,S; layer and its principle analysis. (a) Variation of photo-energy conversion
efficiencies of solar cells during light exposure (AM 1.5, 100 mW/cm?) without encapsulation in air for 12 h. (al) FTO/TiO./Sb,S3/MAPbI;/CuSCN/
Au, (a2) FTO/TiO,/MAPbI;/CuSCN/Au. Degradation scheme of MAPbI; perovskite solar cells during light exposure test without (b) and with (c) Sb,S;
layer. Reprinted with permission from Ref. [10], Copyright © 2016 The Royal Society of Chemistry
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Figure 6 Semi-transparent inverted perovskite device architecture. (a) Energy level diagram of different layers; (b) cross-sectional SEM; (c) illustra-
tive schematic of the device architecture. Reprinted with permission from Ref. [106], Copyright © 2016 Wiley
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Figure 7 (Color online) Structure diagram with carbon electrode. (a) Schematic representation of the TiO,/Al,O3/NiO/C(MAPbI;) based device. (b)
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Figure 8 (Color online) Stability performance of the device. (a) Stability investigation on perovskite solar cells under different test conditions, in-
cluding storing at room temperature in dark (blue), and storing at 60°C in dark (red). (b) Light soaking test at 100 mW/cm? (with white light emitting
diodes) and a photograph of the sealed device. (c) Evolution of PCE during the light soaking test (green). Reprinted with permission from Ref. [111],

Copyright © 2015 Elsevier
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The stability of perovskite solar cells
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Solar energy as a widespread clean energy is considered to be the key to solving future energy problems, solar cell tech-
nology is also evolving, of which perovskite solar cells because of its rapid growth efficiency gains wide attention. The
great breakthroughs have been observed in organic-inorganic halide perovskite solar cells. However, the long-term sta-
bility due to decomposition and the toxicity of heavy metal lead have not been perfectly solved. Solving the stability
problem will be the key to the future application of perovskite solar cells.

This review focuses the factors affecting the stability of perovskite solar cells from the perspective of perovskite solar
cell structure, including perovskite materials, hole transport materials, electron transport materials, and electrodes.
Through the analysis we found that for perovskite materials, grain size and defect density affect the stability of perov-
skite. The grain with large size will inhibit the defect state, improve the stability of the device. Moisture, oxygen and
light will promote the decomposition process of perovskite, even in the case of isolated air. The thermal stability of per-
ovskite is also poor and will be self-decomposition at a certain temperature. While perovskite will also have the problem
of crystal structure instability, the perovskite may changes to the non-perovskite phase, which will result in a sharp at-
tenuation of efficiency. The dopant in the hole transport material may cause destruction and decomposition of the perov-
skite structure. The titanium dioxide commonly used in electron transport materials can lead to the decomposition of
perovskite and the reduction of electron transport efficiency due to oxygen vacancy and strong electron extraction. Silver
and aluminum commonly used in electrode will be associated with the perovskite layer formation of halide, which may
reduce the conductivity of the electrode and destroy the perovskite structure.

In order to solve the above problems, we propose that new preparation should be developed to get thin films with large
grain size. The researchers also should find new perovskite material insensitive to moisture and oxygen, appropriate
package to isolate the air from the water and oxygen. The inorganic perovskite materials with enhancing thermal stability
of the perovskite film should be considered to improve the stability of perovskite solar cells. Developing organic hole
transport materials that do not require additives or inorganic hole transport materials can reduce the possibility of perov-
skite crystals being destroyed by hole transport materials. Avoid direct contact between perovskite and titanium dioxide
or use other electron transport materials instead of titanium dioxide to prevent the decomposition of perovskite. Further-
more, we recommend mesoscopic framework based on all inorganic metal oxides for organic-inorganic perovskite based
photoelectric conversion devices.

solar cells, perovskite, stability
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