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Research progress on ferroelectric localized field-enhanced low-

dimensional material-based photodetectors (invited)

Yu Chenhui', Shen Niming', Zhou Yong®’, Cheng Tiantian', Qin Jiayi', Luo Man'*"

(1. Jiangsu Key Laboratory of ASIC Design, School of Information Science and Technology, Nantong University, Nantong 226019, China;
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Abstract: Photodetectors are widely used in daily life and national security, including communication, the
environment, health and national defense. With the development of time, the performance requirements of
photodetectors in terms of sensitivity, response speed and wavelength range have been increasing. The unique
electrical and optoelectronic properties of low-dimensional materials make them an essential application prospect
in the field of optoelectronic devices. To make full use of the advantages of low-dimensional materials and
overcome the shortcomings of high dark current and low absorption rate, researchers have combined ferroelectric
materials with low-dimensional materials and used the remnant polarization of ferroelectric materials to form a
strong localized field to modulate carriers, which improves the photodetection capability of low-dimensional
materials. Recent research results of ferroelectric localized field-enhanced low-dimensional material-based
photodetectors are summarized in this paper. Meanwhile, related research on the modulation and performance

enhancement of ferroelectric materials in one-dimensional nanowires, two-dimensional materials and junction
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devices was introduced. Finally, the development trend of ferroelectric localized field-enhanced low-dimensional

material-based photodetectors was briefly summarized and proposed.

Key words: ferroelectric localized field,
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Fig.1 Ferroelectric localized field-enhanced nanowire photodetectors. (a) Device structure schematic of ferroelectric side-gated single InP NW;

(b) Working principle diagram of the device in the negative polarization state™”; (c) Device structure schematic of ferroelectric top-gated single

InAs NW; (d) Output characteristic curves of the device for 3.5 um exciting light at different power densities!""!
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Fig.2 Ferroelectric localized field-enhanced MoS, photodetector. (a) Schematic diagram of MoS, top-gate device structure tuned by ferroelectric

material; (b) Photoresponsivity under different wavelength"; (c) Schematic diagram of structure and test circuit of MoS, negative capacitance

field effect transistor tuned by ferroelectric material; (d) Transfer characteristic curves under different incident light powers™!
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Fig.3 Ferroelectric localized field-enhanced two-dimensional material photodetectors. (a) Structure schematic of ferroelectric material tuned InSe

phototransistor®; (b) Structure schematic of ferroelectric material tuned InSb phototransistor™*!
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Fig.4 Modulation of two-dimensional material photodetectors by pyroelectric effect of ferroelectric materials. (a) Schematic diagram of graphene

pyroelectric bolometer; (b) Working principle diagram of graphene pyroelectric bolometer™); (c) P(VDF-TrFE)/MoS, field effect transistor

structure®; (d) Structure schematic of Bi,0,Se/PMN-PT ferroelectric field effect transistor™"!
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Fig.5 Ferroelectric localized field-enhanced two-dimensional material homojunction devices. (a) Schematic diagram of BiFeOs; ferroelectric tuned WSe,

in-plane pn junction; (b) Output characteristics of the device™; (c) Schematic diagram of P(VDF-TtFE) ferroelectric tuned MoTe, in-plane pn

junction; (d) Photocurrent mapping of the device®”
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Fig.6 Ferroelectric localized field-enhanced two-dimensional van der Waals heterojunction devices™”. (a) Device structure schematic of ferroelectric

tuned GeSe/MoS, heterojunction; (b)-(d) Schematic diagram of the energy band structure of the heterojunction corresponding to the different

ferroelectric polarization states
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