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4-TBP (3 Sigma-Aldrich 22 #], 4l 96%).

2.2 SHEHE

W Z0 () FTO(NSG-15) 1 SR %H) L 2=
BRI SN BAR YO A IETE 30 min, Ny X
X1 )5, Oy plasma AbHE (95 W) 5 min. KT
Be £ 4 1) TiO, BT K M LA 5000 r/min, JELR 30 s,
500 C TRk 30 min. fHEEEFEZ 100 °C LLTE, HL
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Fig. 1. Vapor growth of perovskite film: (a) Schematic
growth processes of two-step vapor growth of perovskite
films; (b) reaction schematic between the Pbl, structure
and the MAI molecule; (c) the cross-sectional morphology

of the as-prepared device.
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Fig. 2. (a) The XRD patterns; (b) reaction time for fully
conversion of Pbl, to MAPbI; under different reaction tem-
perature; (¢) UV-vis spectra of perovskite films synthesized

under different temperature.
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Fig. 3. Reaction temperature effect on the morphology of perovskite film: (a)—(d) SEM images of perovskite films with reaction tem-
perature of (a) 140 C, (b) 160 °C, (c) 180 C and (d) 200 °C (the scale bars in the SEM images are 1 pum ); (e) statistics of grain
size under different reaction temperature; (f) as prepared MAPDI; film with area about 72 cm?.
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THIA A5 21 A X R A L T R B 8 R il 5.9 x
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Fig. 4. Trap density measurement in perovskite synthesized under different temperature: (a) 140 °C; (b) 160 C; (c) 180 °C and

(d) 200 °C.
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Fig. 5. Device performance of perovskite photovoltaic devices: (a) 0.045 cm? device reverse J-V curves under 1 Sun AM 1.5 G;
(b) statistical distribution of PCE; reverse and forward J-V curves of devices (0.045 cm?) grown at (c) 180 °C and (d) 140 °C; (e) re-

verse and forward J-V curves of device (1 ¢cm?) grown at 180 °C and (f) corresponding optical image.

3.3 iR MHRIIERE
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D/ Au %54, Horp TiO, R 254 50 nm, MAPb
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o IR R X R ) a J-V i ER, W1 LR B 8
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J¥ (Jo) 4 22.04 mA /em?, JHEHE (V) H0.99 V,
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RN 180 C B, J, #2FH5) 23.47 mA /em?,
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Abstract

Organometal halide perovskite is one of the most promising materials for high efficient thin-film solar cell.
Solution fabrication process shows that the recorded power conversion efficiency (PCE) is 23.7%, however, large
scale fabrication suffers the inevitable toxic solvent, preventing it from implementing the green
commercialization. As one of the matured large-scale fabrication techniques, the vapor deposition is recently
found to promise the green fabrication of perovskite thin film without toxic solvent. However, the PCE based
on vapor deposition is considerably lower than that based on solution fabrication because of ineffective
regulation methods of the perovskite films. So, there is intensive requirement for optimizing the growth of
perovskite in vapor deposition for improving PCE, especially, developing a kind of quality regulation method of
the perovskite films.

In this study, we provide a method of adjusting grain size in vapor deposition method. The grain size
optimization of MAPDI; films is realized by simply modulating the reaction temperature between Pbl, films and
MAT vapor. We set the reaction temperature to be 140 °C, 160 °C, 180 °C and 200 °C separately and establish
the relationship between reaction time and grain size during the complete conversion of Pbl, film into MAPbI,
film. We find that the average grain size of the film increases first with growth temperature increasing from 140 °C
to 180 C and then decrease at 200 °C, giving an average grain size of 0.81 pm and a largest grain size of about
2 pm at 180 °C. The defect density of perovskite film is deduced from the space charge limited current model,
showing that it decreases from 5.90 x 10 cm ? at 140 C to 2.66 x 10 cm ? at 180 °C. Photovoltaic devices
with structure FTO/TiO,/Cg/MAPDI;/spiro-OMeTAD/Au are fabricated to demonstrate the performance. It
is found that the devices with an active area of 0.045 cm? show that with the increase of grain size, the average
PCE increases from 14.00% to 17.42%, and the best device shows that its PCE is 17.80% with 4.04% hysteresis
index. To show the possibility of scaling up, we fabricate a uniform perovskite thin film with an area of about
72 cm?, and a device with an active area of 1 cm?, which gives a PCE of 13.17% in reverse scan. In summary,
our research provides a method of regulating the grain size for the vapor deposition, which can improve device
performance by reducing the trap density in perovskite film for suppressing the carrier recombination in grain
boundary. Meanwhile, we prepare high performance devices and large area thin films, showing their potential in
large area device fabrication and applications.

Keywords: perovskite solar cells, vapor deposition, grains size regulation, trap density
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