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Abstract: Hybrid organic-inorganic perovskite solar cells (PSCs) have attracted global attention as one of the most

Wrfm B HA: 2023-04-06; WEMESFRHEA: 2023-06-30; MZ&HAREH: 2023-07-28

EEWE: HXAREFREEU2130128, 11772207); H R3] 3 HT7 BB R 51 46:(21624302G); WALE 137 08 R
X1(20232C03); L4 BT AE AT RI(22567604H); T E AR 7 A 1F % 1(H2022205047, 22JCZXIC00060,
E3B33911DF); A bl k=7 i - BLF IS 3 4:(L2023B18); A3 58 HE Bkl K= Bk 70 26 G 58 B30T H (Y C2022068)
National Natural Science Foundation of China(U2130128, 11772207); The Central Government Guiding Local Science
and Technology Development Project(216Z4302G); The Hebei Administration for Market Supervision Science and
Technology Project List(2023ZC03); The Innovation Capability Improvement Plan Project of Hebei Province
(22567604H); The Basic Research Cooperation Special Foundation of Beijing-Tianjin-Hebei Region(H2022205047,
22JCZXJIC00060, E3B33911DF); Ph.D Scientific Research Start-up Fund of Hebei Normal University(L2023B18);
Postgraduate Innovation Funding Project of Shijiazhuang Tiedao University(YC2022068)

EREA: £ M(1995-), F5, Wi LW 54, E-mail: yestruggle20@163.com
WANG Ye (1995-), male, Master candidate. E-mail: yestruggle20@163.com

BIEEE: X, #d%. E-mail: jinjinzhao2012@163.com
ZHAO Jinjin, professor. E-mail: jinjinzhao2012@163.com



1324

AL M OB IR

promising photovoltaic materials due to their high efficiency, low energy consumption and low cost. However,
non-radiative recombination caused by interface defects severely inhibits the performance of PSCs. To solve this
critical issue, the particle size of nickel oxide (NiO,) hole transport layer was reduced to improve the particle size
uniformity and achieve efficient hole transport. Furthermore, the antisolvent acting time of the perovskite film was
optimized to reduce the interfacial non-radiative recombination and interfacial defect. As a result, the crystalline
quality is improved and power conversion efficiency (PCE) of the perovskite solar cells increase from 10.11% to
18.37%. Kelvin probe atomic force microscopy (KPFM) study shows that the contact potential difference (CPD) of the
optimized perovskite film in the illumination condition increases by 120.39 mV compared with that under the dark
condition. Analysis by piezoelectric atomic force microscopy (PFM) reveals that the ferroelectric polarization of the
optimized interfacial perovskite films hardly changes from illumination to dark states, indicating that reducing
interfacial defects can decrease the hysteresis effect of the PSCs. It is concluded that optimizing the NiO, hole
transport layer and improving the quality of perovskite film can reduce the interface defects, the non-radiative
recombination and the hysteresis effect, and improve PCE of perovskite solar cells.

K ey words: perovskite solar cell; atomic force microscopy; contact potential difference; ferroelectric polarization
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“F” and “R” refer to forward scanning and reverse scanning, respectively
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Fig. 2 (a) J-V curves of PSCs and (b-d) SEM morphologies for PTF-5, PTF-15 and PTF-25
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Fig. 4 Morphologies and contact potential difference of PTF-15 MAPbI; films under illumination and dark conditions.
(a, b) Morphologies of MAPDI; film under (a) illumination and (b) dark conditions; (c) Height distributions of MAPbI; morphology under
illumination and dark conditions; (d, €) CPD maps of MAPbI; morphologies under (d) illumination and (e) dark;
(f) Potential statistical diagram of CPD. Colorful figures are available on website
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Fig. 5 In-situ characterization of the out-of-plane and in-plane ferroelectric polarization of PTF-15
MAPDI; films under illumination and dark conditions
(a, b) Morphologies of MAPbI; film under (a) illumination and (b) dark conditions; (c) Height distributions of MAPbI; morphologies under
illumination and dark conditions; (d, e) Out-of-plane ferroelectric polarization images under (d) illumination and (e) dark conditions; (f) Out-of-plane
ferroelectric polarization distributions of the topography under illumination and dark conditions; (g, h) In-plane ferroelectric polarization images
under (g) illumination and (h) dark conditions; (i) In-plane ferroelectric polarization distributions of MAPbI; film under illumination and dark
conditions. Colorful figures are available on website
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