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Abstract; Organic-inorganic hybrid perovskite solar cells have attracted much attention due to their
high photoelectric conversion efficiency and low preparation cost. An important factor limiting the
further performance improvement of perovskite solar cells is defects existed in perovskite active lay-
ers. The passivation of these defects depends on the development of perovskite preparation tech-
niques. The two-step method is one of the most popular methods to prepare perovskite films and pho-

tovoltaic devices. In order to fabricate high-quality perovskite films and high-efficiency solar cells,
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the modified two-step method via introducing additives has been developed. However, effects of ad-
ditives introduced into the lead halide precursor on the crystallization process and defect density of
perovskite films fabricated via the two-step method are not yet fully understood. In this work, the
impacts of potassium iodide ( KI) on colloidal properties of the lead halide precursor, perovskite
transformation, film quality and cell performance were investigated by means of spectroscopy, X-ray
diffraction, scanning electron microscopy and various electrical measurements. Our results show that
the introduction of appropriate amount of KI facilitates the formation of iodide-rich iodoplumbates,
which is beneficial to accelerating perovskite transformation from lead halide and improving perovs-
kite film quality. The photoelectric conversion efficiency of the solar cell incorporating appropriate
KI has been increased to 19.17% from 17.49% for the control device. The results of this work not
only help to deepen the understanding of the crystallization of perovskite films in the two-step prepa-

ration process, but also help to further improve perovskite film quality and device performance.
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Fig.1 Change in the UV-Vis absorption spectra of Pbl,/PbBr, in DMF/DMSO as the concentration of KI increased. Overlaid on
the spectra are example fit functions for the main complexes ( including PbL,S, , PbI,S; and PbI,S; ™).
() Jepp, (OG0
FWHM=0.29 (002)
4 KI-10 ’
<
B FWHM=0.29
5
= KI-5
KI-1 g~ FWHM=0.26
KIO g FWHM=032
510 15 2 25 30
20/ (°)
E 2 (a) ~(d)AF K &R PhBr,/Pbl, H#FE A B4 (SEM) B8 . (a) PbBr,/Pbl,-KI-0, (b) PbBr,/Pbl,-KI-1, (¢)

PbBr,/Pbl,-KI-5, (d) PbBr,/Pbl,-KI-10; () /N [A] KI & & /4 PbBr,/Pbl, # M) X ST ATH (XRD) Fl5E
Fig.2 (a) = (d)Scanning electron microscopy( SEM) images of the PbBr,/Pbl, films with different amounts of KI: (a)PbBr,/
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the PbBr,/Pbl, films with different amounts of KI.
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Tab.1 Summary of the photovoltaic parameters of the hybrid perovskite solar cells with different amounts of KI

Sample Voo/V Joo/ (mA - cm™) FF/ % PCE/%
KI-0 1.01 £0.02 22.16 £0.39 61.08 £1.78 13.67 £0.46
KI-1 1.06 +0.01 21.08 £0.10 63.32 £1.08 14.14 £0.28
KI5 1.05+0.01 23.14 £0.42 67.32£1.77 16.33 £0.30
KI-10 1.04 £0.03 22.19 £0.28 59.50 £1.49 14.19 £0.40
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Fig.6 Space-charge-limited current versus voltage of electron-only devices ( ITO/Sn0,/perovskite/PCBM/Ag) based on KI-0

(a) and KI-5(b) perovskite films. (c¢)Semilogarithmic open circuit voltage-light intensity ( V,.-I) characteristics extrac-

ted from the KI-0 and KI-5 cells. (d) Steady-state photoluminescence spectra of the perovskite films with different

amounts of KI deposited on Sn0O, electron transport layers.
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Fig. 7 Current density-voltage(J-V) curves of the typical photovoltaic devices based on KI-0 and KI-5 perovskite films. (a)Ag

electrode. (b) Au electrode.
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