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Figure 1 (Color online) (a) Schematic diagram of 90° and 180° ferroelectric domains. The antiparallel spontaneous polarization orientation results in
180° electric domains, and their domain walls are referred to as 180° domain walls''"!. (b) Schematic diagram of the hysteresis loop of a ferroelectric
material and the flip of ferroelectric domains with electronic field™; (c) crystal structure of a typical ABC; perovskite; (d) side and top views of two
energy-degenerate ferroelectric In,Se; structures and SHG intensity mapping on a trilayer In,Se; sample before and after PFM reversed poling!''); (e)
schematic diagram of the molecular structure of P(VDF-TrFE) and its FET device structure integrated with WS,'?); (f) HR-TEM image showing the
thickness (15 nm) of the ferroelectric HZO film and cross-sectional image of orthorhombic HZO crystallite using HR-TEM!'?!
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Figure 2 (Color online) Summary of ferroelectric material properties
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Table 1 Parameters of ferroelectric-integrated photodetectors and conventional photodetectors

SCHZEM SR KA PK@m)  WE(V)  RA/W)  D*(Jones)  FJH/FHEREI(ms) TP ik
P(VDF-TFE)/MoS, BkELFET 635 5 2570 2.2x10" 1.8/2 / [29]
HZO/MoS, BkHLFET 637 0.5 96.8 4.75x10™ 0.03 5%10° [52]
P(VDF-TFE)/MoTe, BRHLFET 520 0 5 3x10"2 118/51.7 2x107 [53]
P(VDF-TFE)/InSe £kHLMSM 532 3 14250 1.63x10" 0.6/1.2 108 [68]
MoS,/Sn0, p-nSE RS 900 0 0.35 1.25x10" 153/220 / [69]
B-(Aly25Gag 75),04/p-Ga, 04 MSM 254 5 4.12 9.26x10"7 320/100 2.16x10° [70]
Ag/Si/Cs;Bislo/Au MSM 450 3 / 3.9x10'" 0.0015/0.422 3000 [71]
periigéifgggigﬁ; Ag SEIRE 460 0 0.41 72310 0.000161/0.00191 5x10* [72]
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The optical communication system is an important part of the front-end information collection of the Internet of Things,
and the photodetectors (PDs) are the key component of the system. Currently, researchers continue to explore the
development path of high-performance PDs by using structural design, energy band engineering, and other technologies.
However, devices still face challenges such as high dark current and low light absorption efficiency. The performance of
PDs depends not only on the device structures but also on optoelectronic materials. Therefore, the development of novel
optoelectronic materials and modulation mechanisms is imperative. Ferroelectric materials have attracted more and more
attention because of their advantages, such as controllable polarization coordination, simple structure, and stable response
characteristics. Spontaneous polarization occurs in ferroelectric materials due to the breaking of crystal symmetry. In this
review, the structural and polarization characteristics of ferroelectric materials and their applications in photodetection are
described in detail: the hybrid perovskite ferroelectrics open up new opportunities for high-performance PDs. Ultrathin
two-dimensional (2D) ferroelectrics with high dielectric constants are used as channel or gate materials in transistors,
laying the foundation for device miniaturization. Organic ferroelectric materials with both transparency and flexibility
provide the material basis for the flexible device design. Moreover, the control mechanisms of ferroelectric-optoelectronic
hybrid systems in photodetection are discussed and summarized. Ferroelectric fields effectively regulate the band bending
of optoelectronic semiconductors, which confirms the possibility of ferroelectricity-modulating the interface band. A local
electrostatic field generated by programmed ferroelectric domains flexibly controls carrier transport in optoelectronic
functional layers. In addition, the synergistic effect of ferroelectric fields and built-in electric fields has also proved to be an
effective design strategy for optimizing device performance. The introduction of ferroelectric materials into photodetectors
has been proven to be effective in reducing the dark current, broadening the response wavelength, and speeding up the
response time. Ferroelectric material-integrated PDs have shown significant advantages. Despite extensive research on
ferroelectric materials and their properties, challenges remain in their application to photodetection systems. Polarization
fatigue in ferroelectric materials over time leads to performance degradation, limiting the stability and reliability of
integrated devices. Reducing ferroelectric materials to critical dimensions causes crystal structure symmetry changes,
weakening or eliminating ferroelectricity, thus challenging the compatibility between device performance and
miniaturization. Good interface contact is a key factor affecting device performance, imposing higher requirements on
the integration process of ferroelectric materials and optoelectronic semiconductors. These challenges highlight the
importance and necessity of continuous research and development in the field of ferroelectric-integrated photodetection
systems. With the ongoing discovery of novel ferroelectric materials and modulation mechanisms, ferroelectric-integrated
PDs are poised to drive rapid advancements in high-speed information processing, low-power intelligent sensing, and other
cutting-edge fields.
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