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Organic-inorganic metal halide perovskite materials are earth-
abundant and combine the advantages of both inorganic and
organic materials, such as solution processing, adjustable band
gap, high carrier mobility and high extinction coefficient. They
are expected to break the technology bottleneck of traditional
semiconductor materials and achieve the evolutionary optoelec-
tronic devices with large-area and high efficiency at low cost [1].

The past few years have witnessed sky-rocketing increase of
power conversion efficiencies (PCEs) of perovskite solar cells (PSCs)
with a new certified efficiency record of 25.2%, making them a
strong candidate for next generation low-cost photovoltaic tech-
nology. However, since it was first reported for solar cells in
2009 by Miyasaka group [2], the device stability is considered to
be the biggest challenge hindering commercialization and has
attracted much attention. Metal halide perovskite was initially
used as a sensitizer in liquid dye-sensitized solar cells, which
unfortunately only worked for a few seconds [2]. A breakthrough
with hours of lifetime was made by using spiro-OMeTAD as the
hole-conductor to fabricate a solid-state perovskite sensitized solar
cells in 2012 [3,4], which opened research upsurge of perovskite
solar cells. Considering the possible of material decomposition
and irreversible ionic migration under multi-field conditions of
light, heat or electric field, perovskite solar cells were pessimistic
to realize high stability. Further progress without performance
decay under continuous light-soaking for 1000 h, a standard dura-
tion in commercial PV technologies international design qualifica-
tion and type approval of IEC66146 or IEC61215, was obtained by
introducing bifunctional molecular, carbon electrode and triple
mesoscopic structure to fabricate printable mesoscopic perovskite
solar cells in 2014 by Han group [1,5–9].

Meanwhile, high stability of perovskite light-emitting diodes
(LEDs) has been achieved. Due to the low PCE of traditional
three-dimensional (3D) perovskite LEDs and the poor stability of
perovskite films, the initial perovskite LED can only survive for less
than 1 min [10]. Wang and Huang Group [11] firstly reported
highly stable perovskite LED in 2016 by developing self-organized
multiple-quantum-well perovskites, which result in a high exter-
nal quantum efficiency (EQE) of 11.7% and a half-lifetime of 2 h
at a constant current density of 10 mA cm�2. Through optimizing
the 3D perovskite films and introducing amino-acid additives to
passivate defects, they further reported perovskite LEDs with a
half-lifetime of over 20 h at a high current density of 100 mA cm�2

and a peak EQE of over 20% [12], which are comparable to the per-
formance of near-infrared organic LEDs.

After that many groups around the world reported stable per-
ovskite solar cells with various perovskite composition and device
architecture for 1000 h durable under light-soaking. Just recently,
Zhou group [13] employed fluoride to suppress the formation of
both anion and cation vacancies and obtained enhancement in
both the PCE and stability of the PSCs. Yang and Han group [14]
once again reported a stabilized PSC within planar formal structure
by constructing a Pb-rich surface and a chlorinated graphene oxide
layer. Zhao group [15] reported the possibility of stabilization of
all-inorganic perovskite-perovskite solar cells.

How to restrain the decomposition of perovskite materials is
the primary scientific problem to achieve stable devices. To solve
the problem, Zhou group [13] introduces the extremely high elec-
tronegative fluoride into perovskite layer to achieve the dual pas-
sivation effect by forming strong hydrogen bond with organic
cations and strong ionic bond with lead ions. This effectively elim-
inates the vacancy defects of organic cations and halogen anions in
perovskites. As a result, the PCE and long-term stability of corre-
sponding devices are greatly improved. In addition, Wang and
Huang Group demonstrate water-stable PSCs through the design
of hydrophobic quasi-2D layered perovskites [16]. By introducing
3-bromobenzylammonium iodide to form energetically ordered
and highly crystalline perovskite films, the unencapsulated PSCs
can maintain over 82% of the initial efficiency after 2400 h under
relative humidity of 40%. From another view, the heterostructure
of perovskites with other semiconductors, where the photogener-
ated charge carriers are separated and transported to external cir-
cuit, is the essential structure of PSCs for efficient conversion of
light into electricity. It has been reported that the product of the
decomposition of perovskite will destroy the charge transport
layer, which indicates the disintegration of the heterojunction
structure, resulting in a decrease in device stability. Yang and
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Han group [14] constructed a stabilized heterostructure. The Pb-
rich surface was obtained by spin-coating lead thiocyanate or lead
acetate solution on perovskite surface at low temperature. Extra
lead will be left after the heat treatment. Subsequently, chlorine-
doped graphene oxide was coated on this surface. Chlorine can
bond with lead and increase the binding force of oxygen, helping
oxygen form stronger bonding with lead. Accordingly, the Pb-rich
surface firmly combined with chlorine-doped graphene oxide to
form a heterostructure. The compact chlorine-doped graphene
oxide layer can prevent the decomposition products from reacting
with the charge transport layer. Moreover, due to the optimized
alignment of energy levels, the overall energy loss can be reduced
with less charge recombination. The fabricated PSCs achieved an
initial efficiency of 21% with an aperture area of 1.02 cm [2]. At
the maximum power point, the device maintained 90% of the ini-
tial efficiency after 1000 h of continuous operation at 60 �C under
AM 1.5G illumination.

Progress has been made in all-inorganic PSCs as well. Though
all-inorganic PSCs using CsPbIxBr1–x as light-absorbers have advan-
tages in stability, the PCEs are lower than those of the hybrid
organic-inorganic metal halide PSCs due to the large bandgap. Zhao
group [15] for the first time demonstrated an ambient condition
stable b-phase CsPbI3 with a more favorable bandgap and
increased the record PCE of all-inorganic PSC to 18.4%.

These works provide multiple evidences for the high stability of
perovskite optoelectronics devices and are an important step
toward their future application. Further understanding of the
mechanism of perovskite material decomposition and device sta-
bility under multi-field conditions and how the device inhibits
ion migration will help to develop more efficient and stable
devices.
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