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Preparation of MAPDI ; Perovskite Solar CellsM odule via Volatile Solvents
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(1. School of Materials Science and Engineering, Hubei University, Wuhan 430062, China; 2. National Local Joint Laboratory
for Advanced Textile Processing and Clean Production, Wuhan Textile University, Wuhan 430073, China)

Abstract: The fabrication of large-area, high-efficiency perovskite solar cell module (PSM) represents a pivotal stage
in the industrialization of perovskite solar cells (PSCs). Leveraging volatile solvents within perovskite precursors is a
streamlined approach which offers distinct advantages in the industrialization trajectory of PSCs, but often exhibits
accelerated crystallization kinetics, diminutive grain dimensions and elevated defect densities within the films,
consequently compromising device efficiency and stability. This study devised a volatile solvent system comprising
methylamine/acetonitrile (MA/ACN) for the production of MAPbI; perovskite solar cells/module. Incorporation of an
optimal quantity of PbCl, into the perovskite precursor solution served to retard crystallization kinetics and passivate
grain boundary imperfections. Notably, small-area device fabricated via this methodology demonstrated a peak
photovoltaic conversion efficiency (PCE) of 21.21%, alongside enhanced operational stability. Furthermore, PSM

engineered through this approach achieved a PCE of 18.89%. This study presents a novel paradigm for advancing the

s BEE: 2024-03-21; Y BIELFEAET: 2024-06-17; MEHRAHR: 2024-07-03
HE&TH: Wby AT A 1HRI(2022BAA096); WAL BHE6HE A4 1 £1(2023DIC081)

Key Research and Development Program of Hubei Province (2022BAA096); Hubei Province Science and Technology
Innovation Talent Plan Project (2023DJCO081)

YEE I/ : P (1995-), 5, Hi-LfF 54, E-mail: zhouzezhu@stu.hubu.edu.cn
ZHOU Zezhu (1995-), male, PhD candidate. E-mail: zhouzezhu@stu.hubu.edu.cn
BEMEE: RIEIE, #U9%. E-mail: ccwu@hubu.edu.cn; Z& #f, SLIGIW. E-mail: lijing68@hubu.edu.cn
WU Congcong, professor. E-mail: ccwu@hubu.edu.cn; LI Jing, experimentalist. E-mail: lijing68@hubu.edu.cn



1198 1 A 7 < = S

39 %

large-scale industrial manufacturing of PSCs.

K ey words: perovskite solar cell; MAPbLs; volatile solvent; large-scale perovskite solar cell module
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Fig. 1 Surface morphologies and phase structures of PVK-0PbCl, and PVK-5PbCl,
(a, b) SEM images of PVK-0PbCl, and PVK-5PbCly; (c) EDS mappings of PVK-5PbCl,; (d) Histogram of particle size distribution; (¢) XRD
patterns of PVK-0PbCl, and PVK-5PbCl,; (f) UV-Vis absorption spectra of PVK-0PbCl, and PVK-5PbCl,
Colorful figures are available on website
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Fig. 2 Photovoltaic properties of PVK-0PbCl, and PVK-5PbCl,
(a) PL spectra; (b) TRPL spectra; (¢) SCLC curves; (d) Dark state J-V curves; (e) Conductivity; (f) Nyquist plots
Colorful figures are available on website
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Fig. 3 Photovoltaic performance of PSCs with different PbCl, additions
(a) Schematic diagram and cross-sectional SEM image of PSC; (b1-b4) Photovoltaic parameters of PSCs with different PbCl,
additions; (c) Forward and reverse sweep J-V curves of PSC-0PbCl, and PSC-5PbCly; (d) EQE spectra of
PSC-5PbCly; (e) SPO curves of PSC-5PbCl,; (f) Stability tests of PSC-0PbCl, and PSC-5PbCl,
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Fig. 4 Photovoltaic performance of 5 cmx5 cm PSM and uniformity of large-area perovskite film
(a) Structure diagram and physical images; (b) /-V and P—V curves of the PSM with champion efficiency; (c) SPO curve; (d) UV-Vis absorption
spectra and (e) XRD patterns of different sub-films; (f) PL intensity distribution mapping. Colorful figures are available on website
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Table S1 Photovoltaic parameters of PSCs with different PbCl, additions

Sample PCE/% FF/% Voc/V Jsc/(mA-cm™?)

Average 18.26 74.26 1.04 23.48
PSC-0PbCl, )

Champion 19.31 77.40 1.02 24.35

Average 19.11 75.87 1.07 23.65
PSC-2.5PbCl, )

Champion 20.17 76.70 1.08 24.03

Average 20.35 77.72 1.08 24.20
PSC-5PbCl, )

Champion 21.21 79.70 1.08 24.72

Average 19.23 76.25 1.07 23.61
PSC-7.5PbCl, )

Champion 20.37 78.10 1.08 24.21

% S2 PSC-0PbCl, 5 PSC-5PbCl, B Voc IRK 4 1R
Table S2 V¢ loss analysis of PSC-0PbCI, and

PSC-5PbCl,
Sample EQEg/% AVoc/V"

PSC-0PbCl, 1.03x107* 0.268

PSC-5PbCl, 2.02x107° 0.226

*i# it A RAV=KTIn(EQEr)/q THHEIFEIFF B RIS, Hh K NP
IR%E 2B, EQEg NEIRT-1F IS E N\ K FH RE FiL vt i FE B0 6

(¥ EQE, T N BURE, g NFEA HTT

* S3 AWAREHEHM MA/ACN BFE R
PSCS/PSM #f 55 B35 2 3¢ Lk
Table S3 Comparison of the reported photovoltaic
performance of MA/ACN solvent system PSCYPSM

Ref. Year PCEpsc/% PCEpsm/%
[S1] 2015 15.1 -

[S2] 2017 19.0 -

[S3] 2017 15.9 -

[S4] 2018 16.32 -

[S5] 2019 17.82 -

[S6] 2019 18.4 -

[S7] 2020 23.1 -

[S8] 2020 20.78 -

[S9] 2021 19.67 -
[S10] 2022 19.6 -
[S11] 2022 19.14 17.12 (15 cm?)
[S12] 2023 21.04 19.03 (70 cm?)

This work 2024 21.21 18.89 (14.88 cm?)
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