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(a) —schematic diagram of alternating layer-by-layer vacuum deposition ;
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alternating layer-by-layer deposition steps, with yellow (green and red corresponding to inorganic body films
(PbI,+CsCl), MATI films and perovskite films, respectively).
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(a)—curves of J-V characteristics; (b)—EQE spectra.
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Figure 3 Curves of J-V characteristics and EQE spectra of devices with different Pbl, contents
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Table 1

AEPLEETH ENGRT BHlERSH
Performance parameters of perovskite cell
prepared with different Pbl, contents

Pbl, PCE/%  Voo/V (misfcfn L, FF
130nm-fs  12.63  1.083 15.12 0.771
130nm-rs  11.71 1083 14.75 0.732
160 nm-fs  12.80 1057 17.65 0.685
160 nm-rs ~ 12.74  1.057 18.12 0.667
190nm-fs  15.00  1.083 18. 24 0.759
190 nm-rs ~ 15.09  1.083 18.31 0.760
220 nm-fs ~ 15.87  1.083 19.34 0.758
220 nm-rs 15.62  1.07 19.09 0.764
250 nm-fs  14.85  1.07 17.99 0.771
250 nm-rs  12.78  1.07 17.70 0.675

forward scan(fs) reverse scan(rs)
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Figure 4 SEM images of perovskite films under different solution post—treatments
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(a)—XRD patterns; (b)—UV-vis absorption spectra.
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Figure 5 XRD patterns and UV-vis absorption spectra of perovskite films under
different solution post-treatments
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Figure 6 J-V curves and EQE curves of post-treated devices with different solutions
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Table2 Performance parameters of perovskite devices prepared under different solution post-

treatments
J5 Ak 3 T PCE/% Voe/V Jse/(mAscm™?) FF

Control-fs 15.69 1.07 18. 65 0.786
Control-rs 14.84 1.07 18. 11 0.766
MAT-fs 15. 46 1.07 18. 45 0.783
MAI-rs 15.41 1.07 18. 45 0. 780
MACI+MAI-fs 17.76 1. 057 20.45 0.821
MACI+MAI-rs 17.15 1. 031 20. 68 0. 804
MACI-fs 16. 14 1.122 18.77 0.767
MAClI-rs 16. 88 1.122 18. 86 0.798

P 7 SR A [R) 15 WRAE BT B9 24> A T i 1 B 1 g
SRt B’ . NI 7RO G G JE AR B R R
PCE Jsc FI FF #4347 $2 71, 35 #if o W] i 0/ ), 3 ¢ W]

MACIFl MATLIR & % W a0 B A 500k 35 45 Bk 0 ol
FE T, R THAS R A RS M RE



A 1V 5 < BT T8 2 A T RR ] B 100 6 R A R B0 4 R 7 B AR 4K 549
1.0
181
16 o |§| 0.8
A’ .0
E‘? e Egl be
I A
S0 g : 2 .
£ s s 0.6
*
10
81 0.41
6 : . . . . . , ,
kb P MAI MACI+MAI MACI RAbPH MAI MACI+MAI MACI
22 1.2
20 $
& | 1
S 3 i .
p v : . o :
= * 1.0
S16{ N ¢
14 : . . . 0.9 . . ; .
RALEE  MAI  MACI+MAI MACI RALEL MAI  MACI+MAI MACI

7 AARGELERFNERESHSEITE
Figure 7 Statistical charts of performance parameters of post-processing devices

with different solutions.
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Perovskite Film Regulation and Device Performance Optimization
Based on Layer-by-Layer Vapor Deposition

YANG Jinhai', LUO Qinrong®, WU Shaohang™,L.I Yang"
(1. School of Intelligent Manufacturing, Wuyi University, Jiangmen 529020, China; 2. Institute of New Energy Tech-
nology, College of Information Science and Technology, Jinan University, Guangzhou 510632, China)

Abstract: The vacuum vapour deposition method has the advantages of good denseness, uniformity and controllable film
thickness, and is considered a key technology for preparing large-area, high-quality perovskite films, which has great potential
for industrial production. However, compared with the solution method, vapour phase deposition has the disadvantages of
small film grain size and low crystallinity, resulting in lower device photoelectric conversion efficiency. In this paper, we use
layer-by-layer alternating vapour deposition method to prepare perovskite thin films, and the Pbl, content is regulated and the
surface post-treatment of MACI and MAT mixed solution can passivate the defects and improve the quality of the films. The
chloride ions introduced by the surface post-treatment increase the size of the perovskite grains and improve the crystallinity.
The short-circuit current density of the device was significantly increased, resulting in a final photovoltaic conversion efficiency
of 17.76% and a fill factor of 82.1%.

Keywords: perovskite solar cells; layer-by-layer vapor deposition; Pbl, content; surface post-treatment vapor deposition
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