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Figure 1 (Color online) The structure, preparation and assembly of 2D niobates. (a) The structural diagrams of layered perovskites corresponding to
D-J-type, R-P-type, and AV-type phases®.. (b) The diagrammatic sketch of the preparation of niobate nanosheets via solid-state calcination, proton-
exchange, and liquid-phase exfoliation process (Copyright©2021, American Chemical Society)>. (c) Fabrication procedure for superlattice niobate
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Figure 2 (Color online) The representative photodetectors based on 2D niobate nanosheets. (a) The schematic illustration of fabricated
phototransistors based on few layer SNO nanosheets. (b) The spectral responsivity and EQE of the SNO-based device. (c) The pulse response of the
SNO device at 1 V bias with the extracted time constants. (d) /- curves of SNO nanosheets with various thicknesses (Copyright©2019, Wiley)"**),
(e)—(g) The schematic diagram, the responsivity and the detectivity, and the normalized pulse response of an individual LNO nanosheet device. (h) I-¢
curves of individual LNO nanosheet device at 80—780 K under vacuum conditions®®). (i) The photograph of the flexible NNO film device. (j) /- curves
of the NNO film device after various bending cycles. (k, ) Responsivity and detectivity for the NNO film device (Copyright©2023, Elsevier Inc.)”*).

(m) Schematic of the charge-assisted oriented assembly film-formation process of S-CNO film. (n), (o) Flexibility and imaging capacity of the device
based on S-CNO film array'**]
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Table 1 Differences in optoelectronic properties and process compatibility between 2D niobates and other 2D materials
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Figure 3 (Color online) The representative photodetectors based on 2D composite niobate nanosheet. (a) The schematic diagram of charge
engineering from (TBA)PNO to (Ag)PNO. (b)-(d) Comparing the responsivity, detectivity, and on/off ratio of PNO and (Ag)PNO devices
(Copyright©2021, Elsevier Inc.)*". (¢) Schematic illustration of the NGQDs loading on the SNO sheet. (f) /-t curves of different NGQDs-SNO
photodetectors. (g) Responsivity and EQE curves of the 4%NGQDs-SNO PD at 5.0 V bias. (h) The image-sensing profile of “SH” under 270 and
350 nm illumination(*". (i) Schematic diagram of the UV communication system based on the CNTO/PC,;BM hybrid as the photosensitive layer. (j) I-V
curves of CNTO, CNTO/P3HT, and CNTO/PC;;BM as the photosensitive layer. (k) Responsivities and external quantum efficiency of the device with
CNTO/PC;;BM as the photosensitive layer at 0 V. (1) Current signals of the light incident from different elevations of 0°, 10°, and 30° with the receiver
and transmitter distance being 1.2 m*l. (m) Scheme of Au/p-CsCu,l3/n-Ca,Nbs_ Ta,0;¢/MXenes device with different MXenes as bottom electrodes.
(n)—(p) The responsivity, EQE, photocurrents mapping results of 8x8 UV image sensing array, and the /-f curves of OR gate stimulated with dual
wavelengths of Au/p-CsCuZI3/n-Casz3,xTaxOIO/MXenes/MXene-PEIE[44]
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Table 2 The photoelectric parameters of 2D niobate-based photodetectors

R R e LA < NS
gk F 270 1 ~1x10* 1214 1.4x10" 0.4/40
Cr/Au-Sr,Nb30,4-Cr/Au - 300 . 340 ~06 [33]
Cr/Au-Ca;Nb;0,0-Cr/Au QM(H 270 ! ~87 1136 - N [25]
T 280 3 3.4x10* 14.94 8.7x10" 0.08/5.6
Au-Ca,Nb;0,¢-Au T 280 5 1089595 119 3.71x10%  0.04/1.77 [38]
Cr/Au-Ca,Nby ,Ta,0,o-Cr/Au T 295 1 5.6x10* 469.5 7.65x10" 0.9/152 [34]
Cr/Au-LaNb,0,-Cr/Au Pk 300 3 88 171 4x10" 0.3/97 [36]
YK R 260 3 1250 62 6.7x10" 0.1/7.8
Cr/Au-NdNb,0,-Cr/Au [35]
A 260 3 190 12 7.7x10" -
YK 290 1 8.84x10° 378 1.05/88
Cr/Au-NbWO,-Cr/Au [12]
T 290 1 82 - - _
Au-Pb,Nb;0,-Ti gk F 350 0 700 2.8 1.1x10" 0.2/12 [37]
Ag-NGQDs-S1,Nb;0;-Ag SRS, 270 5 22000 0.0108 3.39x10"! 1,673 [41]
Cr/Au-TQDs-Ca,;Nb;0,(-Cr/Au SRS 310 1 ~100 264 - - [42]
AuCsCualy/Carlity TaOwMXene g g 250 = ~10000 81.3 - 12900/1820  [44]
FTO-CaNb, sTag sO1o- S 290 5 - 17 ~10" - 3]
PC7BM-PH1000 L=y 290 0 2200 0.06 0.7/8.5
Ag-Ca,Nb;0,-PM6:PC; BM-ITO SR L, 320 0 ~10000 0.36 - =570 [45]
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Figure 4  (Color online) Photodetection and photosynapse dual-functional devices based on 2D niobate. (a) Schematic representation of the CNO
synaptic device. (b) EPSCs of the CNO artificial synaptic device in response to weak UV-C light of 70 nW/cm?. (c) Demonstration of the UV-C-guided
aircraft instrument landing. (d) Recognition accuracy evolution with pulse numbers and training epochs for 28x28 pixels handwritten digit images
without noise!*”. (e) Schematic of the structure of the Ca,Nb;O;o/PM6:PC; BM-based device. (f) The EPSC of device induced by two consecutive
300 nm pulsed light with W, of 2 s under —0.5 V bias. (g) The relationship between the PPF index of Ca;Nb3O,o/PM6:PC7;BM-based devices and
pulse interval. (h) The normalized /-¢ curve of the Ca;Nb;O;o/PM6:PC,BM-based device under zero bias in one cycle. (i) Schematic illustration of the
working mechanism of the dual-functional Ca,Nb;O;¢/PM6:PC;;BM device. (j) The current of the Ca,Nb;O,o/PM6:PC4;BM device with light- and bias-

switching process. (k) The recognition accuracy of the ANN based on the dual-functional Ca,Nb;0,o/PM6:PC;BM devices under different applied
bias!*’
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Figure 5 (Color online) Electrical characteristics and photoresponse of dual-gate phototransistors with 2D perovskite niobate top-gate dielectric.
(a) Schematic illustrations of a dual-gate MoS, phototransistor. (b) /g and o 0f the dual-gate MoS, phototransistor at various Vrg. (c) Responsivity
and specific detectivity of the dual-gate MoS; phototransistor under 300 and 600 nm light illumination at various Vrg. (d) Time-resolved /pg of the dual-
gate WS, phototransistor at various Vrg during 600 nm light on/off switching cycles. (e) Time-resolved /g5 of the dual-gate WS, phototransistor at
various Vpg during 600 nm light on/off switching cycles. (f) Spectral responsivity of the dual-gate WS, phototransistor at various Vrg. (g) Schematic
illustration of the dual-gate WS, phototransistor under visible and UV light illumination. (h) Time-resolved Ips and Igs curves of the dual-gate WS,

phototransistor at V'ps=1 V and V=6 V during visible (600 nm) and UV (254 nm) light on/off switching. (i) Relationship of the input optical signal
and output electrical signal of dual-gate WS, phototransistor*’!
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Figure 6 (Color online) Prospects of two-dimensional perovskite niobate multifunctional optoelectronic devices
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Over the past decade, the material system of two-dimensional perovskite niobates has undergone a remarkable and rapid
evolution, marked by significant expansion and groundbreaking innovation. This evolution has propelled substantial
progress across multiple key areas, including material synthesis techniques, structural modulation strategies, and in-depth
performance exploration. In the realm of material synthesis, a wide variety of techniques have been explored. These
approaches have facilitated the fabrication of two-dimensional perovskite niobates with precise control over parameters
such as layer thickness, lateral dimensions, and defect densities. Structural modulation has been another focal point, with
scientists exploring ways to engineer crystal structures at the atomic scale. By introducing various dopants or altering the
stoichiometry of the materials, they have been able to fine-tune the electronic band structures and crystal symmetries,
which in turn significantly impact the physical and chemical properties of the materials. The exceptional properties of two-
dimensional niobate perovskites render them highly promising for multifunctional optoelectronic detection applications.
Their ultrahigh specific surface area not only provides an extensive interface for interactions with external stimuli but also
enhances the adsorption and reaction capabilities, which are crucial for sensitive detection. The excellent flexibility and
transparency make them ideal candidates for the fabrication of flexible and transparent optoelectronic devices, opening up
new avenues for wearable electronics and transparent display-integrated sensing systems. Moreover, their high chemical
stability ensures long-term operational reliability, reducing the risk of material degradation under harsh environmental
conditions. The unique physical characteristics, such as dielectric, ferroelectric, and semiconducting behaviors, offer a rich
palette of functionalities that can be harnessed for diverse detection mechanisms, including photodetection, sensing of
chemical and biological molecules, and signal conversion. Despite the continuous emergence of numerous experimental
studies and innovative device designs, the field of two-dimensional perovskite niobates for optoelectronic detection lacks
comprehensive and systematic reviews. As a result, the existing research findings are scattered, making it difficult for
researchers to gain a holistic understanding of the current state-of-the-art and identify potential research directions. To
address this gap, this review aims to comprehensively consolidate the latest research advances in two-dimensional
perovskite niobates for optoelectronic detection. It conducts a critical and in-depth review of their application efficacy in
various optoelectronic device architectures. For single-material-based prototype devices, the review analyzes how the
intrinsic properties of two-dimensional perovskite niobates contribute to device performance. In composite material
systems designed for performance optimization, it explores the synergistic effects between different components and how
they enhance the overall detection capabilities. Regarding photonic synaptic devices that mimic neuromorphic computing,
the review delves into the mechanisms of information processing and storage, as well as the potential for developing
intelligent sensing systems. Additionally, for optoelectronic-dielectric bifunctional integrated devices, it discusses the
integration strategies and the resulting multifunctionalities. Furthermore, this review meticulously analyzes the core
challenges faced by the material system of two-dimensional perovskite niobates in optoelectronic detection applications.
These challenges include issues related to material scalability, device stability under long-term operation, and the
development of efficient interface engineering techniques. By thoroughly understanding these challenges, the review also
provides a forward-looking perspective on future development directions in the field. It explores potential solutions to
overcome the existing limitations and outlines emerging research trends that could drive the further development of high-
performance optoelectronic devices based on two-dimensional niobate perovskites. The ultimate goal of this review is to
offer valuable insights and guidance for researchers engaged in the design and development of advanced optoelectronic
devices, thereby facilitating the realization of their full potential in a wide range of applications.

photodetectors, perovskite niobates, 2D nanosheets, multifunctional optoelectronic devices
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