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Abstract: The perovskite (CH;NH;Pbl;) thin films were prepared with pure N, N-dimethyl formamide (DMF), pure
dimethyl sulfoxide (DMSO) and their mixtures with different volume ratios. The impact of different solvents on the
microstructure and photoelectric properties of perovskite materials was systematically investigated. Results show that
with the increase of DMSO in mixed solvents, the average grain size of CH;NH;Pbl; increases while the residual lead
iodide (Pbl,) decreases. Moreover, the ratio of ordered CH;NH;PbI; crystals increases firstly and then decreases, and
the highest ratio is achieved when the volume ratio of DMSO in mixed solvent is 60%. In addition, the relationship
among Urbach energy characterization, time-resolved photoluminescence characterization and unreacted Pbl, residue
indicates that the trace amounts of Pbl, may effectively passivate the defects in perovskite thin films, so as to prolong
the carrier lifetime. The inverted planar heterojunction perovskite thin film solar cells were fabricated. The highest
power conversion efficiency (PCE) of 15.1% (Voc=0.99 V; Jsc=20.9 mA/cm’; FF=0.73) is achieved when the volume
ratio of DMSO in mixed solvent is 30%. These results reveal that mixed solvents with appropriate volume ratio is fa-
vorable for the improvement of microstructure and photoelectric properties of perovskite materials.
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Fig. 1 Surface morphologies of perovskite films prepared by different solvents
(a) Pure DMF solvent; (f) Pure DMSO solvent; (b) 15% DMSO; (c) 30% DMSO; (d) 60% DMSO; (e) 80% DMSO
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Fig. 3 UV-Vis absorption spectra of perovskite films prepared
by mixed solvents with different volume ratios
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Fig. 4 Cross-section views of perovskite films prepared by different solvents
(a) Pure DMF solvent; (d) Pure DMSO solvent; (b) 30% DMSO; (c) 60% DMSO
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Fig. 5 Steady-state photoluminescence spectra of perovskite
films prepared by mixed solvents with different volume ratios
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Fig. 8 (a) Device structure of inverted planar heterojunction
perovskite solar cells and (b) the cross-section view of device
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Table 2 Photovoltaic parameters of devices prepared by
mixed solvents with different volume ratios

Devices  Jgc/(mA-cm ) Voc/N  FF/%  PCE/%
DMF 15.4 0.91 66.3 9.3
15% 18.9 0.95 70.3 12.6
30% 20.9 0.99 72.8 15.1
60% 20.2 0.96 71.9 13.9
80% 17.2 0.94 69.2 11.2

DMSO 14.7 0.91 63.1 8.4
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