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Abstract: Organic-inorganic hybrid perovskite solar cells are currently a research hotspot in the field of solar energy,
among which the additive engineering is one of the very promising strategies to control the crystal defects and improve the
perovskite solar cell performance. Chlorine-based additives are among the most common additives found in the literature. In
this work, the effect of adding methylammonium chloride (MACI) on inverted wide-bandgap perovskite films and the cell
performance was systematically studied. The research results of scanning electron microscopy, atomic force microscopy, X-
ray diffractometer, and time-resolved fluorescence spectroscopy showed that the addition of MACI had no significant effect
on the thickness of the perovskite film, but could change the grain size of the perovskite films and the roughness of the film
surface. The crystallization state of the perovskite film was significantly affected by the MACI concentration, and the MACI
can inhibit the growth of the secondary phases. Insufficient or excessive MACI concentration was not conducive to the crys-
tal growth of the perovskite film. By precisely controlling the amount of MACI added, a perovskite film with good crystal-
lization state can be obtained, which effectively improved the carrier lifetime of the perovskite film and significantly im-
proved the electrical performance of the cell. The efficiency of the optimized inverted wide-bandgap perovskite cell was
18.45%, and all the performance indicators were significantly improved. The above results indicate that MACI is an additive
material that promotes high-quality perovskite film formation and achieves high-performance devices, providing great oppor-
tunities for perovskite cells to move towards practical applications.
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Fig. 1 SEM images of perovskite films with different MACI concentration
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Tab.1 The thickness and the grain size of perovskite films
with different MACI concentration

it P EHER R /nm P2k /nm
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Fig. 2 AFM images of perovskite films with different MACI concentration
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Tab. 2 fitting results for TPRL spectral

FE b 7,/ns 7,/ns T,y/NS
MA-0 82.3 731.6 710.8
MA-5 85.2 1253.6 1220.7
MA-10 68.6 1555.7 1532.7
MA-20 125.2 284.9 2143
MA-30 165.4 416.6 331.5
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Fig. 5 J-V curves of perovskite films with different
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Tab.3 Parameters corresponding to the J-V

curves of the best devices

R v,V JJ(mAem”)  FF/%  PCE/%
MA-0 119 17.81 7205 1537
MA-5 120 18.23 7461 1631
MA-10 123 18.71 80.06 1845
MA-20  1.18 17.77 59.68  12.57
MA-30  1.13 16.40 5036 937
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