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 Advantages of perovskite solar cells
 Easy and low-cost process
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 Easily tunable optoelectronic properties
DMSO
 Methylammonium lead triiodide (CH3NH3PbI3)
is the most popular material
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 UV-Vis absorption spectrum

 Good absorption coefficients
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 In-situ OM images

Species

mobility (cm2 V–1 s–1)

Electrons

24.0 ± 6.8

Holes

105 ± 35

Standing at room temperature
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 Low exciton binding energy: 37 meV

5.7 × 104 cm–1 at 600 nm
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 High quality perovskite layer for high efficiency perovskite solar cells
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Low defect density
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Annealing at 110 °C
Low surface coverage

Slow charge transfer

Small crystal size
High defect density

Objectives
 To fabricate CH3NH3PbI3 film with large crystallites and good
surface coverage for high efficiency perovskite photovoltaic cells
 To investigate the film forming mechanism of CH3NH3PbI3 film
depending on spin-coating time and annealing temperature

Results

Crystal structure and orientation
 Powder XRD

 Photovoltaic properties
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Spin-coating
time [s]

VOC
[V]

JSC
[mA cm–2]

FF

PCE
[%]

DMF

3

0.81

12.31

0.70

6.95

DMF

15

0.36

8.45

0.41

1.23

DMF

30

0.19

8.28

0.35

0.55

DMSO

15

0.86

21.55

0.75

13.85

DMSO

30

0.86

20.31

0.72

12.51

DMSO

60

0.83

18.50

0.71

10.91

DMSO

90

0.09

7.82

0.31

0.22

Solution: CH3NH3I:PbI2=1:1 (mol), 40 wt%
Spin-coating condition: 3000 rpm
Thermal treatment: 110 °C, 30 s

• Shorter spin-coating time results high efficiency CH3NH3PbI3 solar cell.

 Film XRD

Formation of
CH3NH3I–PbI2–DMSO

Formation of
CH3NH3I–PbI2–DMF
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Change of film state
Liquid film starts to solidify.

• Solidification during the spin-coating supposed to the
reason of low device performance.

Conclusions
 The solidification during spin-coating is accompanied by formation of CH3NH3I–PbI2–solvent complex crystals, which yields tree-like morphology with
many pinholes, resulting in very low PCEs of solar cell devices.
 When the solidification during spin-coating is suppressed by shortening the spin-coating time and thereafter CH3NH3PbI3 is crystallized directly from
the liquid film by post heat-treatment, flower-like morphology is developed in the film with high surface coverage and large crystal size.
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The power conversion efficiency of organic-inorganic perovskite has dramatically been
increased for the past few years. Until now, the most widely used method to fabricate
perovskite films for photovoltaic applications is one-step deposition owing to its costeffective, simple and easy fabrication. However, uncontrolled solidification of perovskite
crystals during the one-step deposition very often results in poor-quality films with low
surface coverage. Herein, we report a simple method to fabricate high-quality CH3NH3PbI3
film for high efficiency perovskite solar cells. The tree-like morphology with many pinholes
is formed when the film is fabricated by the conventional one-step deposition as described in
previous report, where the solidification takes place during spin-coating due to solvent
evaporation accompanied by crystallization. However, when the spin-coating time is shorten
so as to avoid the solidification during spin-coating in this study, CH3NH3PbI3 is crystallized
during post heat-treatment, resulting in flower-like morphology without pinhole. In-situ OM
and XRD experiments reveal that the solidification during spin-coating arises from the
formation of CH3NH3I–PbI2–solvent complex, which induces the nucleation of CH3NH3PbI3
crystals followed by crystal growth in one-dimensional direction. The crystal growth in onedimensional direction yields tree-like morphology with many pinholes in CH3NH3PbI3
perovskite film, resulting in very low PCEs of solar cell devices. However, when the
solidification during spin-coating is suppressed by shortening the spin-coating time and
thereafter CH3NH3PbI3 is crystallized directly from the wet film by post heat-treatment, the
flower-like morphology is developed in the film with high surface coverage. Especially, the
film from DMSO solution showing the flower-like morphology with good coverage has
large-sized crystals on the length scale of tens of micrometers and the crystals in the film are
highly orientated along (112) or (200) directions, resulting in a high PCE of 13.85%.

