Ferroelectric/Perovskite Composites: Architectures for Next-Generation Solar Cells
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The urgent need for sustainable energy solutions is becoming increasingly critical as global warming intensifies. Among various clean energy options, solar power stands out as a leading candidate, particularly perovskite solar cells (PSCs), which have emerged as a groundbreaking innovation in the field. Their advantages include lower manufacturing costs, ease of processing, remarkable defect tolerance, and impressive optoelectronic properties. Notably, the power conversion efficiency (PCE) of PSCs has skyrocketed from 3.8% to a certified 34.85% in just ten years, underscoring their potential to revolutionize solar energy generation. The theoretical maximum efficiency for infinite junction solar cells is 68%, highlighting the importance of enhancing electrical properties through the significant contribution of ferroelectricity, which can provide an additional electric field to drive photogenerated carriers. In this paper, we aim to review two regimes of ferroelectricity according to the degree of phase segregation[ 1]. The first regime involves layered structured ferroelectric/halide perovskite composites, which typically include thin ferroelectric films (e.g., barium titanate (BaTiO₃), poly(vinylidene fluoride) (PVDF), or molecular ferroelectrics like trimethylchloromethyl-hydrogen chloride mercury (TMCM-HgCl₃)) deposited as interlayers between the perovskite absorber and charge transport layers. In this planar heterojunction configuration, ferroelectric polarization aligns perpendicular to the substrate, generating a built-in electric field (up to 10⁶ volts per meter (V/m)) that drives electrons and holes apart. In methylammonium lead iodide (MAPbI₃) perovskite solar cells (PSCs), inserting a 10-50 nanometer (nm) BaTiO₃ layer at the electron transport layer (ETL) interface has yielded open-circuit voltage Voc enhancements of 100-200 millivolts (mV) by suppressing non-radiative recombination. Piezoresponse force microscopy (PFM) studies confirm domain switching under bias, correlating with reduced current density-voltage (J-V) hysteresis (<3%). The second regime involves intrinsic ferroelectric halide perovskites that derive polarization directly from the perovskite lattice, bypassing composites. Materials like 2D/3D hybrids (e.g., Ruddlesden-Popper phases with butylammonium) or strained CsPbBr₃ exhibit switchable polarization (Pr ~2-5μC/cm²), confirmed by second-harmonic generation (SHG) and PFM. In bulk MAPbI₃, ferroelectricity arises from lead (Pb) off-centering in tilted octahedra, forming domains 50-200 nm wide that evolve under illumination. CsPbI₃ thin films display twin-boundary ferroelectricity, with 15 pm Pb displacements creating local fields for bulk photovoltaic effects. These enable hysteresis-free operation and Voc>1.3V in single-junction cells. Doping with chlorine (Cl) or strain engineering stabilizes polar phases, pushing PCE beyond 27%. Advantages include simplicity, no interface engineering needed, and compatibility with quantum dot (QD) solar cells, where nanoscale domains boost mobility to >10 cm²/V·s. However, limitations persist regarding the ambient instability of polar polymorphs and ongoing debates over true long-range order versus relaxer behavior. 
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