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Figure 1 (Color online) The structure, preparation and assembly of 2D niobates. (a) The structural diagrams of layered perovskites corre-
sponding to DJ-type, RP-type, and AV-type phases'?®l. (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)[z‘“’]. (c) Fabrication proce-
dure for superlattice niobate films using the LB method®"!
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Figure 2 (Color online) The representative photodetectors based on 2D niobates nanosheet. (a) The schematic illustration of fabricated pho-
totransistors based on few layer SNO nanosheet. (b) The spectral responsivity and EQE of SNO-based device. (c) The pulse response of SNO
device at 1 V bias with the extracted time constants. (d) I-t curves of SNO nanosheets with various thicknesses (Copyright©2019, Wiley) 3,
(e)-(g) The schematic diagram, the responsivity and the detectivity, and the normalized pulse response of individual LNO nanosheet device. (h)
I-t curves of individual LNO nanosheet device at 80-780 K under vacuum conditions®®. (i) The photograph of the flexible NNO film device. (j)
I-t curves of the NNO film device after various bending cycles. (k, 1) Responsivity and detectivity for the NNO film device (Copy right©2023,
Elsevier Inc.)P. (m) Schematic of the charge-assisted oriented assembly film-formation process of S-CNO film. (n), (o) Flexibility and imag-
ing capacity of the device based on S-CNO film array*®
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THUZ KGRIV ZE. (k) FE T CNTO/PCBMIR & CHUZSHFLE 0 VI & N IKIWRIEE 54T, (1) 2R 5 5HIcn BN 1.2 m
i, REMMHO 102 30IASM BRAE S (m) LAMXenef: ) Hi A% ¥ Au/p-CsCusla/n-Ca,Nbs. TaOw/MXenes 2 1 £ 7R & . (n)~(p)
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Figure 3 (Color online) The representative photodetectors based on 2D composite niobates nanosheet. (a) The schematic diagram of charge engi-
neering 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.)”. (e) Schematic illustration of the NGQDs loading on SNO sheet. (f) I-t curves of different NGQDs-SNO photodetectors. (g) Respon-
sivity 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®Y. (i)
Schematic diagram of the UV communication system based on the CNTO/PC-;BM hybrid as the photosensitive layer. (j) 1-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. (I) Current signals of the light incident from different elevation of 0< 10< and 30°with the receiver and transmitter
distance being 1.2 m. (m) Scheme of Au/p-CsCuals/n-Ca,Nbs,TaO/MXenes device with different MXenes as bottom electrodes. (n)-(p) The re-
sponsivity, EQE, photocurrents mapping results of 8>8 UV image sensing array, and the I-t curves of OR gate stimulated with dual wavelengths of
Au/p-CsCusls/n-Ca,Nbs, Ta,010/MXenes/MXene-PEIEH!
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Table 2 The photoelectric parameters of 2D niobate-based photodetectors

THERRREDC IR A A MBS IR i Vi Wi 7 ERIES M 2 o i) SCHR

(nm) V) (AWY (Jones) (ms)
Cr/Au-Sr;Nbz010-Cr/Au ELP N 270 1 ~1x10° 1214 1.4><10™ 0.4/40 [33]
b 300 1 340 ~0.6
Cr/Au-CazNb3010-Cr/Au ik 270 1 ~87 1156 - - [25]

i 280 3 3.4x10* 14.94 8.7x10" 0.08/5.6



Au-Ca;Nb30;0-Au T 280 5 1089595 11.9 37110 0.04/1.77 [38]
Cr/Au-Ca;Nbs,Ta,O10-Cr/Au s 295 1 5.6x10* 469.5 7.65%10" 0.9/152 [34]
Cr/Au-LaNb,0-Cr/Au 9K A 300 3 88 171 4x10" 0.3/97 [36]
Cr/Au-NdNb;O;-Cr/Au gk A 260 3 1250 62 6.7x10" 0.1/7.8 [35]

I 260 3 190 1.2 7.7>10™"
Cr/Au-NbWOs-Cr/Au K 290 1 8.84x10° 378 1.05/88 [12]

I 290 1 82
Au-Pb,Nb3040-Ti Ky 350 0 700 2.8 1.1<10" 0.2/1.2 [37]
Ag-NGQDs-Sr;Nb301-Ag RRG 270 5 22000 0.0108 3.39x10" 1,=67.3 [41]
Cr/Au-TQDs-Ca;Nb3010-Cr/AU SR 4 310 1 =100 264 - - [42]
AU-CsCU13/CaNb3,Tax010-MX 5 J5 4 250 5 ~10000 81.3 : 12900/1820  [44]
FTO-Casz:_ Z%EE(IJEO-PCHBM-P 5 290 5 17 =10 - [43]
1000 SRS 290 0 2200 0.06 0.7/8.5

Ag—Caszgoi(_,l:gMe:PCnBM R4 320 0 ~10000 0.36 - =570 [45]
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L F AR R WE T AR SR A A% S Dh e BT S ik S RESR TH IR R . X — @SS T, 2T TR AR 1L LR
M &M IEE 2 IhRERT . P TEB IR BOR o BLAS L LA 2 4 L0t A% S5 55 7 A0 it

3.1 TYEHRRR Hh O - il A Bl AR I 28

N T RETARAE 2 Th g6 1T B 4 10 2 J8 v e 45 35 R a0 B2 (0 1 L UBL. St vl P4 R TR S B8 15 40 i
GBS, AR TEHAT AR FES B S, AR B S AEIRE R IR, RN
AT RS, SRR EBE AR ERNRKE R BHENEHS, SHEFENFSE SN
(persistent photoconductivity effect, PPC). 8PP CIli &t T % 3K Al 22 4% 3K & J AL K 1M 3 B0k H BR800 45 1 v
WE AR, (Hel e e A R AR AL RN S TSN I RE T Ha . WE4@ TR, B HK¥ET
e AE A A AA) 2 T 4 55 5 R SR CNOAN K v (s Fi T s & TR A8 24, I F AR 58 5 B AN 48 A PPCRE %
X4 UV-A. UV-BFIUV-CHE T, JEILH S0 7Y B S AAT Sy, an B RTS8 0 300 g 20 e 0 ko e P88 44K st T 948 4
T A A 1) o R IR R O 2 M B E RE S R LR A 70 nW/em 58 54k, BA37.9 IR BEFE(4(D)).
FeF X SR, Z AR TSR I UV G . IR RS ThRE, R T N T & A W 4% (artificial neuro-
morphic[4r71]etwork, ANN) SE FHL929% 1) R 1) A 2R, 70 R B UV-C A 5 AN % 38 15 45 40 s e B 87 9 70 (K
4(c),(d))""

BE 5, B H K274 BN B Sh & B —Fh 3T CNO 5 5 HLA B PM6:PC,, BM ) 7 Ji 45 (I4(e)), 1k T
AU AR 5 50 5 fid o A 1450, 3 oo U T O PR, T AT R R R R B T RS LI AT A,
SEHLAR A D Re B U ) RAE V). an B4R ~(h) B, Tt in f B H B, CINO i i o 480 23 A (1) 55 1 A0 2508 e 35 3
SR, FECIRIERIUE B IPPCRUN, M7 A K I 9 i, 7E-0.5 VAwE T, 0J SEHLER it 300% 1) WUk v 5+
& (paired-pulse facilitation,) PPF#5E%, iXxf T AN TALG R 48N A o B9 545 BRI AR R AR S B sk
MR, CNOZEH B T A T nIfE N B WA T 5 AN RS E =486, Mz IR EH s
M. AEZ B 2R, 2R R Bt SR K G ER I B, e B R R1780.36 A/W(FE320 nmi KOG,
P BER, X F50.57 s, IX P B AT U4 s M (A5 B — 2R AR B 0% 57 M R R 2 B SR Y 8 R AE I A 3
WAR. YRR ERCNOI IR R M i 7 R 4 7 et 5, @ M @A HL-TobL 7 45 ST, v BUA AR
WENAEBR TR B 58430 /1%, s sl Hiciz m K iz 4. wEaa), §)FiR, 8>81L ka4
BIAAL e S I B G AL I Th g, MW KO0 VI 2-0.5 Vi) 5B om B A7 38 5 il 1%, EL7E M B D) 5 PR UG 0 12 8
11200 s, X FRICAZAEPEUR T A R b A B O SR T R T A R S R, N A TR A T IR AL T AL,
FlAK) AT, B 28 >R8 88 R A 5 N T E M4 45 S N T R4, it — DR T ER A HATR 5
RE 7. ASIRN S A T AT B 2 il B o R AL BB, 285 1604 IR U i T A R OA F1192%. 1K BB A 7T
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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 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 28>28 pixels hand-
written digit images without noise!*”. (e) Schematic of structure of the Ca;Nb30:0/PM6:PC;,BM based device. (f) The EPSC of device induced
by two consecutive 300 nm pulsed light with Wy of 2 s under -0.5 V bias. (g) The relationship between PPF index of
Ca;Nb3010/PM6:PC7:BM based devices and pulse interval. (h) The normalized I-t curve of the Ca;Nb3;O;0/PM6:PC;1BM based device under
zero bias in one cycle. (i) Schematic illustration of the working mechanism of the dual-functional Ca,Nb;O1,/PM6:PC;;BM device. (j) The
current of the Ca,Nb301,/PM6:PC+1BM device with light- and bias-switching process. (k) The recognition accuracy of the ANN based on the
dual-functional Ca;Nb30,,/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 die-
lectric. (a) Schematic illustrations of a dual-gate MoS; phototransistor. (b) lga and Ipnero O the dual-gate MoS, phototransistor at various Vre.
(c) Responsivity and specific detectivity of the dual-gate MoS, phototransistor under 300 and 600 nm light illumination at various Vqg. (d)
Time-resolved Ips of the dual-gate WS, phototransistor at various Vg during 600 nm light on/off switching cycles. (¢) Time-resolved lgs of the
dual-gate WS, phototransistor at various Vg during 600 nm light on/off switching cycles. (f) Spectral responsivity of the dual-gate WS, photo-
transistor at various Vre. (g) Schematic illustration of the dual-gate WS, phototransistor under visible and UV light illumination. (h)
Time-resolved Ips and lgs curves of the dual-gate WS, phototransistor at Vps=1V and V1 =-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 pro-
gress 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 ap-
proaches 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


mailto:yongzhang406@163.com;

two-dimensional niobate perovskites render them highly promising for multifunctional optoelectronic detection applica-
tions. 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 flexi-
bility 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 be-
haviors, offer a rich palette of functionalities that can be harnessed for diverse detection mechanisms, including photode-
tection, sensing of chemical and biological molecules, and signal conversion. Despite the continuous emergence of nu-
merous experimental studies and innovative device designs, the field of two-dimensional perovskite niobates for optoe-
lectronic 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 ap-
plication 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 com-
posite material systems designed for performance optimization, it explores the synergistic effects between different com-
ponents and how they enhance the overall detection capabilities. Regarding photonic synaptic devices that mimic neuro-
morphic computing, the review delves into the mechanisms of information processing and storage, as well as the poten-
tial 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 ana-
lyzes 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 devel-
opment 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.
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