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Figurel (Color online) Research progress of perovskite solar cells. (@) Number of publications on perovskite solar cells in recent years, based on the
search result using keyword “perovskite solar cell” as the theme of the article on 8th June, 2016. (b) The increase of the highest reported power conver-

sion efficiency of the perovskite solar cells
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Figure2 (Color online) (a) The crystal structure of ABX; perovskite. Reprinted with permission from ref. [12], Copyright © 2014 American Chemi-
cal Society. (b) Energy structure of the commonly used materials in perovskite solar cells. Reprinted with permission from ref. [13], Copyright © 2016

American Chemical Society
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Figure3 (Color online) A typica p-i-n device (a) and n-i-p device (b)
configuration and schematic band diagram of the fabricated solar cell.
Reprinted with permission from ref. [27], Copyright © 2015 Wiley
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Figure4 (Color online) Ultra-thin solar cells. (a) Schematic of the solar cell stack. (b) Freestanding 3-um-thick solar cells with gold top metal. Scale
bar, 1 cm. (c) Perovskite solar foil with low-cost copper back contacts. Scale bar, 1 cm. (d) Schematic drawing and photographs of a stretchable perov-
skite solar cell. (e) Three-dimensional map of the wrinkle morphology of a sample undergoing ~40% compressive strain. Reprinted with permission
from ref. [62], Copyright © 2016 Macmillan Publishers
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Royal Society of Chemistry

Figure 5 (Color online) Schematic fabrication process (a), cross sectional SEM image (b) and top view SEM image (c) of a perovskite solar cell
based on the i-cone-epoxy substrate. Reprinted with permission from ref. [30], Copyright © 2016 The Royal Society of Chemistry
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Figure7 (Coalor online) The single-twisted fiber shaped perovskite solar cell. (a) J-V curve. (b) Histogram of PCE for 40 devices. (c) J-V curve of the
device scanning forward and backward results. (d) J-V curve of diffuse scattering and normal modes. Reprinted with permission from ref. [69], Copy-

right © 2015 The Royal Society of Chemistry
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Figure 8 (Color online) Deposition method. (a) AFM image of the
morphology of solvent induced fast crystallization deposition method.
Thickness tested by SEM was (70+18) nm. (b) Device appearance of
solvent-solvent extraction method. Reprinted with permission from
ref. [76], Copyright © 2015 The Roya Society of Chemistry
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Figure 10 (Color online) FA-containing perovskite solar cells. (a) FA-containing micro-structured perovskite films produced from the precursors
annealed first at 130°C and then at 170°C. (b) MA-containing films produced from the precursors detailed and annealed at 130°C. (c) Photograph of a
fully semitransparent FAPbI; device including the laminated transparent cathode. (d) Color coordinates of the films under AM1.5 illumination and the
D65 standard daylight illuminant on the CIE XYZ chromaticity diagram. Reprinted with permission from ref. [85], Copyright © 2015 American

Chemical Society
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Organic-inorganic hybrid perovskite solar cells have experienced a skyrocketing photoelectric conversion efficiency
(PCE) increase in recent years, and become the “rock star” in the field of solar cells. After only 4 years, the certificated
PCE of these materials based solid state solar cells have reach the maximum 22.1%, which is comparable to the highest
PCE of the commercia silicon-based solar cells and higher than those of the organic solar cells and the dye-sensitized
solar cells. Besides the promising efficiency, these materials surpass its competitors with the adaptability to solution-
process at low-temperature and in air, and better flexibility, which can lead to lower large-scale production cost and more
application potential for wearable electronics. The outstanding device performance of the hybrid perovskite solar cells
have attracted intensive research interest, and besides increasing the PCE, lots of efforts have been focused on functional
diversification for this solar cells. Compare to the commercial solar cells based on rigid silicon, organic- inorganic hybrid
perovskite materials exhibit better flexibility which is beneficial for applicationsin flexible electronic devices, and due to
the mild preparation conditions and the solution processablity, it is easy to prepare a variety of nanostructures. Those
advantages have expanded the application scope of the hybrid perovskite materials, especialy for fabricating flexible and
semi-transparent solar cells which have potential use in building integrated photovoltaic such as solar cell windows and
solar cell curtains. Here in this review, we focus on the recent progress of the flexible and semi-transparent solar cells
based on organic-inorganic hybrid perovskite materials. In the part of the flexible hybrid perovskite solar cells, two
mainstream device structures, namely planar and fiber-shaped devices, are discussed and the device structure and
materials selection are analyzed in detail. As for the planar flexible perovskite solar cells, the choosing of the
low-temperature processable function materials for the solar cells seems to be one of key factors due to the fact that most
flexible planar substrates are vulnerable to the high-temperature treatments. As for the fiber-shaped perovskite solar cells,
the choosing of the proper transparent conductive electrode materials is crucia which should have a good balance
between the transparency and conductivity, and due to the difficulty of forming high-quality perovskite function layer on
the curved surface of a certain wire, the prepare methods have to be upgraded too. In the part of the semi-transparent
hybrid perovskite solar cells, two main strategies (reducing film thickness and forming isolated island structure) are
discussed and a lot of reported preparation methods are analyzed in detail. As for the former strategy of reducing film
thickness, the advantages are the comparatively higher PCE, easier manufacture and better controllability and the
disadvantage is the unfavorable brownish color. As for the latter strategy of forming isolated island structure, the
advantage is the better full-spectrum transmission and the disadvantages are comparatively more complicated manufacture
and worse controllability. The whole paper has presented the development of the flexible and semi-transparent perovskite
solar cells so far and gave detailed discussions for the reported works. Based on these analyzations, the organic-inorganic
hybrid perovskites will find their special and unique position in the field of flexible and semi-transparent solar cells and
may aggressively push the field forward.

flexible solar cells, semi-transparent solar cells, organic-inor ganic perovskite, wear able electronics
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