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The perovskite solar cells (PSCs) have allured massive scientific attention. However,
fundamental understanding of the halide perovskites used in PSCs is still limited. We explore
the ferroelectric (FE) behavior of CH3;NH 3 Pbl; <Cly perovskite by the structural analysis and
the measurements of the piezoelectric and ferroelectric responses. Antiferroelectric (AFE)
nature of CH3;NH3Pbl;«Cly perovskite was first experimentally proved by piezoelectric force
microscopy measurements, which also undoubtedly demonstrates the transformation of the
AFE phase to the FE phase by applying an electric field at the room temperature, and the FE
phase can be returned to the AFE phase after heat treatment at above its Curie temperature
(55 C) and then cooling down to room temperature, namely being reversibly tunable
between AFE and FE phases. Based on the AFE behavior, we propose a FE semiconductor
charge separation mechanism for PSCs, which might help us to understand the origin of I-V
hysteresis in the CH3; NH3;Pbl;-based perovskite solar cells. The FE semiconductor solar
cells will exhibit higher PCE performance than those of the normal semiconductor solar
cells due to both the semiconductor charge separation and FE charge separation working in
the FE semiconductor solar cells.
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Fig. 2 Displacement-applied voltage (D-E) loop for
MAPDHCI; thin film scanning in applied bias
range of -10to 10 V.
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Fig.3 Displacement-applied voltage (D-V) loops and
piezoelectricity-voltage hysteresis loops (dss-
V) for MAPbI;Cly thin film. (a) As-prepared
thin film in applied bias range of -6 to 6 V (first
scanning); (b) in applied bias range of -10 to
10 V (3th scanning); (c) after heat treatment
at 100 C in applied bias range of -6 to 6 V
again (first scanning); (d) in applied bias
range of -10 to 10 V (3th scanning).
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Fig.4 Schematic representation of phase transition
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phases for MAPbI ;. Cl, perovskite.
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Table 1. J-V hysteresis and cell performances of perovskite solar cells using different perovskite

materials.

Material Crystal system conidt?iﬁitc(ec /2) Ferroelectricity PZ!I?SCZSESH PCE (%)
FAPbDI; Hexagonal (P 6;3mc) - Non-ferroelectric - 4.31021
(FAPbBI;) o.55-(MAPbBr3)¢.15 | Trigonal P3m1) 1 Ferroelectric [111] 19,7110
MAPbHI; Tetragonal (I4/mcm) 1.01 Antiferroelectric [001] 16.4 18]
MAPbHBr; Cubic 1 Paraelectric - 5.904

MAPHCl; Cubic 1 Non-ferroelectric
MAPDI;.Cl, Tetragonal (14 /mcm) 1.007 Antiferroelectric [001] 19.3 111l
MAPDI;Bry Pseudo-Cubic 1 Weak-ferroelectric [001] 12.311
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BERD R AN H O BN KB TR O BT EERNER X ) B WaElTdh %o
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