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Fig. 1. The photoelectric effect in (a) the semiconductor p-n junction and (b) the ferroelectrics (23]
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Fig. 2. Schematic of solar cell output current as a
function of voltage, for a shift current solar cell, dis-
playing the linear relationship between current and
voltage. Also shown are short-circuit current Jsc and
open-circuit voltage Voc points, and maximum power

point, Prmay [24].
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Fig. 3. Models for the bulk photovoltaic effect (101 (a) Asymmetric carrier scattering centres, resulting in a net

flow from randomly drifting carriers, following Belinicher (421, (b) asymmetric potential well at a carrier generation

centre; photogenerated carriers have a preferred direction of exit, following Lines [43]; (c) relativistic splitting of

the conduction band minimum establishes two distinct channels for electron excitation, polarized light promotes

electrons preferentially to one channel, following Fridki
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Fig. 4. (a) Isotropic and (b) anisotropic nonequilibrium
carriers momentum distribution in centrosymmetric and
noncentrosymmetric crystals corresponding to the classi-

cal and bulk photovoltaic effects, respectively (371,
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Fig. 5. Schematics of the anomalous photovoltaic effect with (a) electrodes perpendicular to the domain wall and

(b) electrodes parallel to the domain wall. The corresponding photocurrent-voltage curve for the devices in (a) and

(b) are shown in (c) and (d), respectively 2],
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Abstract

Ferroelectric oxides are attractive materials for constructing efficient solar cells. The mechanism includes the
anomalous photovoltaic effect (APE) and the bulk photovoltaic effect (BPE). The BPE refers to the generation of a steady
photocurrent and above-bandgap photovoltage in a single-phase homogeneous material lacking inversion symmetry. The
mechanism of BPE is different from the typical p-n junction-based photovoltaic mechanism in heterogeneous materials.
We survey the history, development and recent progress in understanding the mechanisms of BPE, with a focus on
the shift current mechanism, an intrinsic BPE that is universal to all materials lacking inversion symmetry. We also
review the important factors to the APE, i.e., the domain boundary, the Schottcky junction, and the depolarization field.
The recent successful applications of inorganic and hybrid perovskite structured materials in solar cells emphasize that
ferroelectrics can be used in conventional photovoltaic architectures. We review the development in this field, with a
particular emphasis on the perovskite materials and the theoretical explanations. In addition to discussing the implication
of a ferroelectric absorber layer and the solid state theory of polarization, the design principles and prospect for high-
efficiency ferroelectric photovoltaics are also mentioned. Considering the coupling between the degrees of freedom, some
special ferroelectrics are expected to have prominent multi-functionality. With the introduction of the additional degree
of freedom, some ferroelectrics, i.e., ScFe,Cr1—,03 (1/6 < = < 5/6), can be a promising candidate for highly efficient

solar cells and spin photovoltaic devices.
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