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Polarization Sensitive Solar-Blind Ultraviolet Photodetectors 
Based on Ultrawide Bandgap KNb3O8 Nanobelt with 
Fringe-Like Atomic Lattice

Yue Ping, Haoran Long, Hui Liu, Chao Chen, Nannan Zhang, Hongmei Jing, Jiangbo Lu, 
Yiwei Zhao, Zimeng Yang, Wei Li, Fei Ma, Xiaosheng Fang,* Zhongming Wei,*  
and Hua Xu*

Low-dimensional ultrawide bandgap semiconductors demonstrate great 
potential in fabricating solar-blind ultraviolet photodetectors. However, the 
widespread use of detectors is still limited by the low responsivity, large 
noise, and dark current, and especially few detectors can fulfill the solar-
blind ultraviolet detection and the polarization dependence simultaneously. 
Herein, a polarization sensitive solar-blind ultraviolet photodetector based 
on ultrathin KNb3O8 nanobelts synthesized via chemical vapor deposition 
growth, is reported. By selecting suitable substrate and tuning the growth 
temperature, the nonlayered KNb3O8 crystal is grown into the quasi-1D 
ultrathin nanobelt with thickness in the range of 4.8–120 nm. Density 
functional theory calculations and experimental results indicate that the 
ultrathin KNb3O8 nanobelt possesses an ultrawide bandgap (4.15 eV) as well 
as unusual in-plane structural anisotropy. Benefiting from the above features, 
the ultrathin KNb3O8 nanobelt-based device exhibits superior photodetection 
performances with high responsivity (30 A W−1), high detectivity  
(5.95 × 1011 Jones), and ultralow dark current (7.1 × 10−15 A) in the solar-blind 
ultraviolet region (230–280 nm). In addition, the KNb3O8 photodetector 
displays strong polarization sensitive photoresponse with a linear dichroic 
ratio of 1.62 at 254 nm. With these remarkable features, the ultrathin KNb3O8 
nanobelt provides great opportunities for designing the next-generation mul-
tifunctional solar-blind ultraviolet optoelectronic devices.
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1. Introduction

Solar-blind ultraviolet (solar-blind UV, 
200–290  nm) photodetectors based on 
ultrawide bandgap semiconductors 
(UWBSs) have extremely important 
applications in optical communications, 
chemical/biological analysis, environment 
monitoring, and optoelectronic devices.[1–4] 
Previously, the state-of-the-art solar-blind 
UV photodetectors based on UWBSs, 
such as SiC, diamond,[5] II-oxides,[6] and 
III-nitride materials,[7] serving as high-per-
formance active layers have been widely 
reported. To meet the requirements of 
next-generation high-performance photo-
detectors, including energy-efficient, min-
iaturization, flexibility, and multifunction 
applications,[8–9] exploring novel active 
layers has become an important objective. 
Low-dimensional materials are considered 
promising candidates to address the above 
challenges owing to their rich structures, 
tunable bandgap, high carrier mobility, 
strong light-matter interactions, and good 
compatibility with silicon-based semicon-
ductor technology.[10–14] Taking the widely 
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studied 2D materials as examples, such materials cover a vast 
range of bandgaps from the terahertz in bilayer graphene, the 
NIR and visible in numerous transition metal dichalcogenides 
to the ultraviolet in h-BN.[15–18] However, most 2D semiconduc-
tors are not competent for solar-blind UV detection due to their 
relatively small bandgap (<2.5 eV).[15] Although several 2D wide 
bandgap (up to 3.40 eV) semiconductors can be used to detect 
UV light,[19–21] the low detection capability and the poor wave-
length selectivity in solar-blind UV photodetection hinder their 
practical applications.

Another significant issue that comes with the extending 
research on low-dimensional material-based photodetectors is 
related to the polarization sensitive detection, which induces a 
novel physical degree of freedom for modulating the optoelec-
tronic detection and thus provides the possibility for improving 
the detection accuracy and intelligence.[22–25] The polarization 
sensitive photodetectors based on various anisotropic low-
dimensional materials (such as black phosphorus, GeSe2, ReS2, 
PdSe2, Bi2S3, GeAs2, etc.) are primarily response to the visible 
light.[24–33] However, due to the lack of low-dimensional UWBSs 
with intrinsic structural anisotropy, the polarization sensitive 
photodetection in solar-blind UV region still remain scarce. 
Hence, it is highly desired to explore new kinds of low-dimen-
sional UWBSs with intrinsic in-plane structural anisotropy and 
excellent optoelectronic properties.

Low-dimensional ternary transition metal oxides have 
recently attracted increasing research interests due to their 
diverse structures and superior properties including exciton 
insulating phase, intrinsic ferromagnetism, and ultrahigh car-
rier mobility.[34–36] Among them, ternary KNb3O8 is predicted 
to possess the wide bandgap, superior dielectric properties as 
well as the possible structural anisotropy,[37–38] which endows it 
a promising material for the polarization sensitive solar-blind 
UV photodetector. In the past reports, low-dimensional KNb3O8 
materials synthesized via sol-gel or hydrothermal methods were 
widely applied in photocatalysis and lithium ion battery.[39–43] 
However, the disordered morphology of thick KNb3O8 nano-
flakes synthesized by the above methods cannot be used in 
micro-nano devices due to incompatibility with semiconductor 
processing technology. The low crystallinity, numerous oxygen 
defects, and unavoidable surface contamination of the liquid-
phase synthesized KNb3O8 nanoflakes also hinder its develop-
ment in optoelectronic devices. Therefore, to date, fabrication 
of KNb3O8 nanostructures with high crystallinity has never 
been reported for polarization sensitive solar-blind UV detec-
tion devices.

In this work, we report the synthesis of large-scale ultrathin 
KNb3O8 nanobelts via chemical vapor deposition (CVD) growth 
and the exploration of its solar-blind UV photodetection appli-
cations. By selecting suitable substrate and tuning the growth 
temperature, the nonlayered KNb3O8 crystal was grown into 
the quasi-1D ultrathin nanobelt. Structure characterizations 
confirm the orthorhombic phase structure of KNb3O8 nanobelt 
with high crystallinity. Density functional theory (DFT) calcula-
tions combined with optical characterizations demonstrate that 
the ultrathin KNb3O8 nanobelt possesses an ultrawide bandgap 
(4.15  eV), a broadband photoluminescence (PL) emission and 
an intrinsic in-plane structural anisotropy. As results, the 
KNb3O8 nanobelt-based device displays excellent photoresponse 

under the solar-blind UV region (254  nm) with high respon-
sivity up to 30 A W−1 and strong polarization sensitivity (linear 
dichroic ratio of 1.62). Moreover, aging experiments demon-
strate the superior air stability of the KNb3O8 nanobelt-based 
solar-blind UV photodetector.

2. Results and Discussion

KNb3O8 crystal possesses an orthorhombic structure (Cmcm, 
No. 63) with lattice constants of a  = 8.903, b  = 21.16, and c  = 
3.799 Å. As schematically shown in Figure 1a, KNb3O8 crystal 
consists of negatively charged sheets of linked NbO6

− octahe-
dral units and K+ ions between the sheets. In this regard, it is 
possible to synthesis the nonlayered KNb3O8 crystal into the 2D 
nanosheet or the quasi-1D nanobelt via reasonably controlling 
the growth conditions. Density functional theory (DFT) calcula-
tions show that the KNb3O8 crystal possesses a large bandgap 
of 3.94  eV (Figure  1b), where the conductive band minimum 
(CBM) and valance band maximum (VBM) are located in the Γ 
point and U point, respectively. According to the partial density 
of state, Nb_d orbital and O_p orbital occupy the VBM, while 
the CBM is mainly contributed by the Nb_d orbital. Moreover, 
the partial charge density (PCD) was calculated to evaluate the 
anisotropic properties of KNb3O8 crystal. The spatial distri-
bution of CBM and VBM wave functions shows obvious dis-
tinction on the ac-plane (Figure  1c) and bc-plane (Figure  1d), 
suggesting the intrinsic in-plane anisotropic optical property of 
KNb3O8 crystal. Such anisotropic property of KNb3O8 is domi-
nantly originated from its structural anisotropy. Above theory 
results indicate KNb3O8 an ideal candidate for solar-blind UV 
optoelectronic applications.

The synthesis of KNb3O8 crystal via CVD growth is schemati-
cally shown in Figure S1 in the Supporting Information. Briefly, 
the mixture of Nb2O5 and KCl powder with mass ratio of 1:3 
was loaded in a quartz boat, the freshly cleaved mica was used 
as the growth substrate, and they were placed at the heating 
center of the tube furnace. The CVD growth was performed at 
800 °C with Ar as carry gas for 10 min. More details about the 
sample synthesis procedure are shown in the experiment sec-
tion. Figure 1e shows the optical microscopy (OM) image of as-
grown large-scale KNb3O8 on mica, where the samples exhibit 
a nanobelt-like quasi-1D morphology with an average length 
and width of ≈80 and 5  µm, respectively. The energy-disper-
sive spectroscopy (EDS) of the sample (Figure S2a, Supporting 
Information) reveals the atomic ratio of 1:3:8, confirming the 
stoichiometric ratio of KNb3O8 nanobelt. X-ray photoelectron 
spectroscopy (XPS) results (Figure S3, Supporting Information) 
indicate that the Nb in the KNb3O8 sample is in the Nb5+ state 
with the measured binding energy (3d5/2, ≈206.3  eV) located 
between Nb6+ in NbO3 (3d5/2, ≈207.2  eV) and Nb4+ in NbO2 
(3d5/2, ≈205.9  eV). X-ray radiation diffraction (XRD) spectrum 
(Figure S2b, Supporting Information) is consistent with the 
standard diffraction patterns of KNb3O8 crystal (PDF#75-2182),  
suggesting the orthorhombic phase structure and the high 
crystal quality. Atomic force microscope (AFM) image of the 
KNb3O8 nanobelt (inset in Figure  1e) shows a smooth sur-
face with a thickness of about 9.0 nm. Note that the nanobelt 
shape of CVD-grown KNb3O8 is distinctively different from the  
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cylinder shape KNb3O8 nanorod synthesized by traditional 
liquid-phase synthesis methods.[39] It was found that the 
ultrathin KNb3O8 nanobelts can only be grown on mica sub-
strate, while cylinder shape KNb3O8 nanorods were obtained on 
sapphire substrate (Figure S4, Supporting Information). This is 
reasonable, because the inert and flat surface of mica has a low 
energy barrier for atom migration, which together with the ani-
sotropic structure of KNb3O8 crystal favors its epitaxial growth 
into the quasi-1D nanobelts. Moreover, the KNb3O8 nanobelts 
grown on mica substrate present three primary orientations 
(0°, 120°, and −120°, Figure S5, Supporting Information), which 
is consistent with the six-fold symmetry structure of mica.

To achieve precise control of the synthesis, we explored the 
growth of KNb3O8 crystal at temperature ranging from 700 
to 900  °C (Figure S6a–e, Supporting Information). Figure  1f 

shows the typical OM images of KNb3O8 nanobelt grown at 750, 
800, 850, and 900 °C, where the obvious optical contrast differ-
ence of these samples indicates the thickness variation. As the 
increase of growth temperature, the domain length and thick-
ness of KNb3O8 nanobelts increase from 40 to 350 µm and 4.8 
to 120 nm, respectively (Figures S6f and S7, Supporting Infor-
mation). Furthermore, absorption spectrum (Figure  1g) of the 
as-grown KNb3O8 nanobelts shows a narrow UV wavelength 
region with absorption edge around 300  nm and absorption 
peak below ≈280 nm. Tauc curve (inset in Figure 1g) extracted 
from the absorption spectrum demonstrates that the optical 
bandgap of KNb3O8 nanobelt up to ≈4.15 eV which is close to 
the theory calculated bandgap (≈3.94  eV). The slight bandgap 
disparity might be attribute to the parity-forbidden transitions 
between valence and conduction band, since KNb3O8 adopts 

Figure 1.  Crystalline structure, electronic band structure, and synthesis of KNb3O8 crystal. a) Atomic structure of KNb3O8 crystal with different lattice 
faces, the blue, purple, and gray sphere represent K, Nb, and O atom, respectively. b) DFT band structure for a 7 × 7 supercell of KNb3O8 crystal. Also 
shown is the projected density of states (DOS) of Nb_d in pink shades and the O_p in gray shades. c,d) Partial charge density of CBM and VBM, 
respectively. e) Typical OM image of CVD-grown large-scale ultrathin KNb3O8 nanobelts on mica substrate. Inset is the corresponding AFM image of 
one KNb3O8 nanobelt. f) OM images of representative KNb3O8 nanobelt grown at 750, 800, 850, and 900 °C on mica substrate. g) UV–vis absorption 
spectrum of CVD-grown KNb3O8 nanobelts. Inset is the corresponding Tauc curve.
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a crystal structure (orthorhombic, space group Cmcm, No.63) 
possessing inversion symmetry.[44]

To examine the crystallographic structure of the CVD-grown 
ultrathin KNb3O8 nanobelts, aberration-corrected annular 
dark-field scanning transmission electron microscopy (ADF-
STEM) was conducted on the samples. The low-magnification 
STEM image of KNb3O8 nanobelts and the corresponding EDS 
elemental mapping images acquired at the green-dashed area 
(Figure  2a) demonstrate the homogeneous spatial distribu-
tion of K, Nb, and O elements throughout the entire sample. 
Selected-area electron diffraction (SAED) pattern of the sample 
reveals a single set of electron diffraction spots (Figure  2b), 
indicating the single crystal feature of orthorhombic structured 
KNb3O8 nanobelt. Figure  2c shows the high-resolution ADF-
STEM image of KNb3O8 crystal, where the bright and dim sites 
are corresponding to the Nb (Z  = 41) and K (Z  = 19) atoms, 
respectively. Note that the O atom (Z  = 8) is difficult to be 
observed in the STEM image due to its much smaller atomic 
number. We can see a nearly perfect periodic atom arrangement 
with the clearly resolved lattices spacing of 0.12 and 0.37  nm 
which are corresponding to the (00-2) and (1-10) planes of the 
KNb3O8 crystal. The uniform Z contrast and nearly absence 
of local discontinuity or topological defect in the STEM image 
indicate the high crystallinity of CVD-grown KNb3O8 nanobelts. 
Notably, a fringe-like atom arrangement along the long-axis 
direction of the KNb3O8 nanobelt can be clearly resolved from 
the STEM image (Figure  2c; Figure S8, Supporting Informa-
tion), indicating a prominent in-plane structural anisotropy. 
The enlarged STEM image of KNb3O8 nanobelt and the corre-
sponding crystallographic structure (Figure 2d) further confirm 

its intrinsic in-plane structural anisotropy, where the distinctive 
spiral-like structure misstacked by the periodic NbO6 atomic 
cluster forms the fringe-like atom arrangements. Accordingly, 
the other two side views of the KNb3O8 nanobelt (Figure S9, 
Supporting Information) can also reveal its in-plane structural 
anisotropy.

Raman spectrum was measured to assess the phonon band 
and structure information of the ultrathin KNb3O8 nanobelts. 
It was found that the KNb3O8 nanobelt owns rich Raman active 
modes at 155, 178, 216, 248, 321, 352, 450, 893, and 950 cm−1 
(Figure S10, Supporting Information). In the high frequency 
zone, the peak at 950 cm−1 is attributed to the stretching vibra-
tion of the short NbO bonds in the distorted NbO6 unit, and 
the peak at 893 cm−1 corresponds to the NbO6 octahedron 
mode.[43] In the middle frequency region, the peak at 450 cm−1 
is attributed to the bending vibration modes of NbONb, 
and the peak at 321 cm−1 corresponds to the deformed NbO6 
octahedral framework. The lower frequency bands in the range 
of 155–248 cm−1 are related to the NbO framework. As the 
thickness increase of KNb3O8 nanobelts, the peak intensity of 
these Raman modes gradually increase, while their peak posi-
tion maintains well (Figure S6g,h, Supporting Information), 
which are the typical Raman features of the nonlayered crystal. 
Furthermore, angle-resolved polarized Raman spectroscopy 
(ARPRS) was conducted to reveal the anisotropic properties 
and crystal orientations of the ultrathin KNb3O8 nanobelts. 
As shown in Figure  3a, Raman mapping images at 155, 216, 
and 893 cm−1 of KNb3O8 nanobelts with three orientations 
show obvious intensity difference, suggesting an orientation-
dependent Raman feature. The Raman intensity exhibits 

Figure 2.  Composition and structure characterization of CVD-grown KNb3O8 nanobelts. a) Low-magnification ADF-STEM image of KNb3O8 nanobelts 
and corresponding EDS element mapping of K, Nb, and O elements. b) SAED patterns of KNb3O8 nanobelt. c) High-resolution ADF-STEM image of 
KNb3O8 nanobelt. d) Enlarged high-resolution ADF-STEM image of KNb3O8 nanobelt and the corresponding crystallographic structure model, where 
the O atoms are omitted for clearly distinguishing the structure.
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periodic variation with the polarization angle (θ) of incident 
light changing from 0° to 360° (Figure  3b; Figure S10a, Sup-
porting Information), confirming the strong in-plane structural 
anisotropy of ultrathin KNb3O8 nanobelts. Note that the direc-
tion of the maximum of Raman peak intensity at 155 cm−1 is 
corresponding to the long-axis direction (the long-axis and 
short-axis direction are defined as b-axis and a-axis, respec-
tively) of the KNb3O8 nanobelt (Figure  3c; Figure S10b, Sup-
porting Information), which can thus be utilized to identify its 
lattice orientation.

Photoluminescence (PL) spectrum of KNb3O8 nanobelt dem-
onstrates a broadband PL emission (340–640 nm), as shown in 
Figure 3d. The PL spectrum of KNb3O8 nanobelt can be fitted 
into four bands by using Gaussian fit. The main PL peak at 
504 nm originates from the intrinsic NbO6 octahedrons, while 
the peak at 560 nm is attributed to the extrinsic NbO6 octahe-
drons, such as oxygen deficiencies.[45] The PL peaks at 359 and 
442  nm are ascribed to the band-to-band recombination and 
the bound exciton recombination in KNb3O8 crystal, respec-
tively. The PL spectra of KNb3O8 nanobelts with thickness 
ranging from tens of nanometers to sub-nanometer indicate 
that the absolute emission intensities gradually decrease with 
the reduction of thickness (Figure  3e). Note that the ultrathin 
KNb3O8 nanobelt, even for the 4.7 nm sample, still maintains 
steady white-light emissions, suggesting great potential in 
white-light source related applications. Moreover, the shape of 
PL spectrum shows an obvious mutation when the thickness 

increases to bulk, indicating a prominent quantum size effect 
of KNb3O8 crystal. Time-resolved photoluminescence (TRPL) 
spectrum was performed to determine the lifetime and kinetics 
of the photogenerated carriers in KNb3O8 nanobelt (Figure 3f). 
Three time constants extracted from the triexponential fitting 
curve are 6.5, 0.2, and 1.3 ns, and the average lifetime is 3.3 ns. 
The two shorter time constants (0.2 and 1.3 ns) show a fast PL 
decay process, which are related to the free carrier recombina-
tion, and another longer time constant (6.5 ns) is attributed to 
the formation of the binding exciton and subsequent radiation 
annihilation. These processes are consistent with the corre-
sponding frequency bands in the PL emission spectrum.

The ultrawide bandgap of KNb3O8 nanobelt motivated us 
to explore its attractive application in solar-blind UV photo-
detection. As schematically shown in Figure 4a, the as-grown 
ultrathin KNb3O8 nanobelts were transferred onto a SiO2/Si 
substrate (300 nm), and then the two-electrode KNb3O8 photo-
detectors were constructed via the standard device fabrication 
procedures. Figure 4b shows the dark-field and bright-field OM 
images of the KNb3O8 nanobelt device. As expected, the output 
curves (Ids–Vds) under dark and light illumination by varied 
wavelength in Figure 4c reveal that the KNb3O8 device shows a 
sensitive photoresponse from near-UV (380 nm) to solar-blind 
UV (260  nm) light. The photodetector yields an ultralow dark 
current of 7.1 × 10−15 A at 3.0 V bias voltage and a photocurrent 
up to 28.0 nA under 260 nm illumination. The high on/off ratio 
over 106 indicates that the KNb3O8 nanobelt responds effectively 

Figure 3.  Optical properties of ultrathin KNb3O8 nanobelts. a) Raman mapping for the peak intensity of KNb3O8 nanobelts at 155, 216, and 893 cm−1. 
b) 2D mapping of Raman spectra regarding to the polarization angle (θ) of the incident light. The Raman intensity was processed via normalization. 
c) Polar plots for the Raman peak intensity at 155 cm−1 with respect to θ. d) Gaussian-fitted room-temperature PL emission spectrum of a KNb3O8 
nanobelt with thickness of ≈25 nm. e) Room-temperature PL emission spectra of KNb3O8 nanobelts with different thickness under a 325 nm laser 
excitation. f) The TRPL spectrum of ultrathin KNb3O8 nanobelts.
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to the incident solar-blind UV light. Moreover, the wavelength-
dependent photocurrent curve (Figure 4d) reveals a narrow-band 
photoresponse (230–280 nm) with a full-width at half-maximum 
of ≈22  nm, which enables KNb3O8 specific wavelength photo
detection in the UV-C region (200–290  nm). The cutoff wave-
length at ≈280  nm corresponds with the optical bandgap 
achieved from UV–vis absorption spectrum in Figure 1g.

The transient photoresponse (Ids–time) of KNb3O8 pho-
todetector measured under 254  nm light on/off switching 
shows high repeatability and fast response speed (Figure  4e). 
The rise time (τrise) and decay time (τdecay) were estimated to 
be about 2.5 and 1.8 s (Figure 4f), which are close to those of 
the 2D photodetectors based on MoS2, ReS2, SiAs, etc.[46–48] The  
Ids–Vds (Figure  4g)  and  Ids-time (Figure S11, Supporting Infor-
mation) curves of the device under 254  nm light illumination 
with power density ranging from 1.2 to 72.0 mW cm−2 show that 
the photocurrent increases gradually with the increase of the 

light power. We describe the photocurrent (Iph) as a function 
of the incident light intensity (P) by fitting it with equation of  
Iph  = αPθ, as shown in Figure  4h. The fitting value θ  = 0.83 
shows a sublinear behavior, indicating the photocurrent is deter-
mined by a photoconductive mechanism. One can find that the 
responsivity is up to 30 A W−1 (the external quantum efficiency 
and detectivity are estimated to be 146% and 5.95 × 1011 Jones, 
respectively) under 254  nm light illumination (1.2  mW cm−2). 
The responsivity of KNb3O8 photodetector is higher than most 
of the other reported 2D and 1D UV photodetectors (Table  1), 
which may be a result of the high crystal quality of KNb3O8  
nanobelt and the strong light-matter interaction. Figure  4i 
shows the noise frequency characteristic (S–f) of KNb3O8 device 
under a weak light field (6  mW cm−2) at 254  nm wavelength,  
where S is the power spectral density of noise. The photo
detector exhibits a lower noise current of 4.41 pA at the frequency 
of 1  Hz. According to the Hooge empirical law, the curve can  

Figure 4.  Photodetection based on ultrathin KNb3O8 nanobelt. a) Schematic diagram for the photoelectric measurement of the device. b) Dark-field 
OM image of the KNb3O8 nanobelt device. Inset is the corresponding bright-field OM image, the scale bar is 20 µm. c) Ids–Vds curves of the device in 
dark and under UV light illumination with different wavelength. d) Photocurrent as a function of wavelength ranging from 240–600 nm at Vds = 3 V. 
The inset shows the defined wavelength range of UV-C (200–290 nm), UV-B (290–320 nm), and UV-A (320–400). e) Ids–time curve under 254 nm UV 
on/off switching at Vds = 1 V. f) Enlarged views of single on/off cycle of the device. g) Ids–Vds curves under dark and light illumination with different 
power density. h) Photocurrent and responsivity as a function of power density of light. i) Current noise power density spectrum of the ultrathin KNb3O8 
nanobelt photodetector.
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be fitted by equation of S = S0Iβ/fα, where S0 is the Hooge para-
meter, I is the current through the detector, f is the frequency, 
and α and β are two fitting parameters. After fitting, α is equal 
to 0.98, which is very close to 1. Hence, the noise of KNb3O8 
device is mainly 1/f noise, which usually comes from the fluctu-
ations in the process of carrier transport. Moreover, the KNb3O8 
photodetector exhibits superior stability under ambient air con-
dition, with negligible photocurrent reduction after 6 months 
aging in air (Figure S12, Supporting Information).

Based on the intrinsic in-plane structural anisotropy of 
KNb3O8 nanobelt, we further studied the linear dichroism of 
this material by measuring the polarization-dependent photore-
sponse at the solar-blind UV region, as schematically shown in 
Figure 5a. Figure 5b shows prominent polarization-dependent 
photocurrent at bias voltage from 0 to 5 V under the UV light 
illumination of 254 nm. It can be seen that the measured photo-
current is highly dependent on the bias voltage and the polar-
ization angle. Through switching the on-off state of the laser 
and simultaneously tuning the polarization angle of the light 
via a half-wave plate, we continuously recorded the dynamic 
photoresponse of the KNb3O8 nanobelt. As shown in Figure 5c, 
the photocurrent demonstrates dramatically periodic changes 
with the maximum and the minimum values obtained along 
the b-axis and the a-axis directions of KNb3O8 nanobelt, respec-
tively. The extracted photocurrent plotted in Figure  5d, which 
was fitted by the following function Iph = Iphacos2(φ) + Iphbsin2(φ), 
show a large anisotropic ratio (Iph-max/Iph-min) about 1.62 was 
achieved. The above results suggest a strong polarization sen-
sitive solar-blind UV photodetector based on the ultrathin 
KNb3O8 nanobelt. Figure  5e summarizes the photoresponse 
range and the anisotropic ratio of the main 2D and 1D mate-
rials. Obviously, the photoresponse of most of these materials 
is located in the UV-A and UV-B regions, the ultrathin KNb3O8 
nanobelt exhibits the optimal anisotropic optoelectronic per-
formance at the UV-C (solar-blind UV) region. Notably, one 
recent progress on polarization sensitive solar-blind ultraviolet 

photodetector was also achieved based on 2D GaPS4,[49] but it 
lacks the necessary wavelength selectivity. Furthermore, one 
can find that the overall performance of KNb3O8 photodetector 
is superior to most of the other reported 2D and 1D UV photo-
detectors (Table 1), demonstrating great prospects for designing 
future multifunctional solar-blind UV optoelectronic devices.

3. Conclusion

In summary, large-scale ultrathin KNb3O8 nanobelts with high 
crystallinity have been successfully synthesized via CVD growth. 
By precisely tuning the growth temperature, the domain length 
and thickness of ultrathin KNb3O8 nanobelt can be modulated 
from 40 to 350 µm and 4.8 to 120 nm, respectively. Theory sim-
ulations combined with optical characterizations demonstrate 
that the KNb3O8 nanobelt possesses an ultrawide bandgap 
(4.15  eV) with a board band emission (340–640  nm). Further-
more, the KNb3O8 nanobelt-based device demonstrates out-
standing photoresponse to the solar-blind UV light (254  nm), 
with responsivity of 30 A W−1, detectivity of 5.95 × 1011 Jones 
and dark current of 7.1 × 10−15 A. In particular, the photodetector 
exhibits strong linear dichroic to the solar-blind UV light, ben-
efiting from its intrinsic in-plane structural anisotropy. The 
aging experiments of KNb3O8 nanobelt and device in ambient 
air indicate its superior air stability. This work not only enriches 
the synthesis approach of alkaline niobates, but also sheds light 
on the development of high-performance and multifunctional 
optoelectronic devices in the solar-blind UV region based on 
stable low-dimensional UWBSs in the future.

4. Experimental Section
Growth and Transfer of KNb3O8 Nanobelts: High quality 2D KNb3O8 

nanobelts were synthesized in a single-temperature-zone quartz tube 
furnace through an ambient pressure CVD technique. Niobium (V) oxide 

Table 1.  Summary of 1D and 2D photodetectors.

Material Wavelength  
[nm]

Polarization 
sensitive

Responsivity  
[A W−1]

Detectivity  
[Jones]

Dark Current  
[A]

Rise/decay time  
[ms]

Reference

ReSe2 850 Yes 8.4 458 3.35 × 10−7 5.47/8.41 [61–62]

Sb2Se3 nanowire 532 Yes 5 4.4 × 109 – 32/5 [58]

Bi2S3 360 Yes 0.012 – – – [31]

GeSe2 355 Yes 0.125 1.2 × 1015 2.5 × 10−14 30 [20]

SiAs 325 Yes 0.016 1 × 1010 1.0 × 10−12 3000/1500 [48]

MoS2 561 No 880 – 2.0 × 10−12 4000/9000 [46]

GaN 360 No 0.15 7.2 × 109 – 280/450 [63]

ZnO nanowire 355 No 0.0075 – 4.5 × 10−6 5 × 10−7/6.7 × 10−3 [64]

CuBr 345 No 3.17 1.4 × 1011 6.4 × 10−13 48/32 [21]

Sr2Nb3O10 270 No 1.21 1.4 × 1014 2.1 × 10−12 0.4/40 [50]

NiPS3 254 No 0.126 1.22 × 1012 10−14 3.2/15.6 [57]

BiOCl 250 No 35.7 2.2 × 1010 1.37 × 10−11 – [56]

h-BN 212 No 0.0001 2.4 × 108 10−11 320/630 [18]

KNb3O8 nanobelt 254 Yes 30 5.95 × 1011 7.1 × 10−15 2500/1800 This work
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(Nb2O5) powder (5  mg, Alfa Aelsar, purity 99.9985%) and potassium 
chloride (KCl) powder (15 mg, Hushi, 99.8%) were used as precursors, 
the fluorophlogopite mica (KMg3AlSi3O10F2) was selected as the growth 
substrate. At first, a quartz boat containing the mixture of Nb2O5 and KCl 
powder precursors was placed at the center of the tube with a slice mica 
substrate (1 × 1 cm2) faced downward onto the boat. Then, the furnace 
was heated to 800 °C at a rate of 30 °C min−1 with 150 sccm Ar as carrier 
gas, and maintained at 800  °C for 30  min to grow the samples. After 
the growth, the furnace was naturally cooled down to room temperature. 
The as-grown KNb3O8 nanobelts were detached from the mica substrate 
by using a wet-chemical etching technique and then transferred onto the 
target substrate (copper grid or SiO2/Si substrate) for further structure 
and property characterization.

Structure and Composition Characterization: Optical images of 
KNb3O8 samples were obtained by Olympus BX51 optical microscopy. 
AFM (Bruker Dimension ICON) was used to characterize the surface 
morphology of KNb3O8 nanobelts. XPS (Thermo Fisher Scientific 
ESCALAB Xi+) and XRD (Smart Lab 9) measurements were carried out 
to confirm the chemical composition and phase structure of KNb3O8 
nanobelts. Raman spectra and Raman mapping were acquired on WITec 
Raman microscope with a 532  nm laser. Angle-resolved polarization 
Raman spectra were achieved by turning the polarization angle of 
excitation laser via a half-wave plate. PL spectra were conducted on a 
confocal micro-Raman spectroscope (Renishaw) with a 375  nm laser. 
Absorption spectrum was gained from a UV–vis spectrophotometer 
(Shimadzu UV-3600). TRPL spectrum was performed on an Edinburgh 
FS5 spectrofluorometer. Atomic structure and element distribution of 
KNb3O8 nanobelts were analyzed via HRTEM and EDX mapping (Titan 
Cubed Themis G2 300, accelerating voltage, 300 kV).

Device Fabrication and Photoelectrical Measurements: The CVD-grown 
KNb3O8 nanobelts were transferred onto Si/SiO2 (300  nm) substrate 
with alignment markers. The metal electrodes (Cr/Au = 5/50 nm) were 
then patterned on the top of the KNb3O8 nanobelts through the standard 
electron-beam lithography, thermal evaporation deposition and lift-off 
process in order. The photoelectrical properties of the KNb3O8 nanobelt 
device were measured using a semiconductor characterization system 
(Keithley 4200, USA) and a four-probe station, and a 450 W Xenon 
lamp equipped with a monochromator was used as the light source. 
The power density of the light was measured with a NOVA II power 
meter (OPHIR Photonics). Polarization-dependent photoresponse was 
measured by rotating the polarization of the incident light (254 nm laser) 
using a half-wave plate in the light path. The noise power spectra were 
measured by a PDA (Platform Design Automation, Inc.). Note that all 
the electrical and photoelectrical measurements were performed under 
ambient air condition.

Density Functional Theory Calculations: All calculations were performed 
using the Vienna Ab Initio Simulation Package (VASP) code, based on 
density functional theory (DFT). The generalized gradient approximation 
in the form of Perdrew–Burke–Ernzerhof (PBE) functional was used to 
describe the electron exchange correlation. The projector augmented 
wave (PAW) method was applied to describe electron–ion interaction. 
The cutoff energy for the plane-wave basis was set to be 520  eV and 
a convergence energy accuracy of 1.0 × 10−5  eV per atom was set for 
self-consistent field calculation. All the atomic positions and cell 
parameters were relaxed until the force on each atom was less than  
1 meV Å−1. The hybrid DFT based on the Heyd–Scuseria–Ernzerhof (HSE)  
exchange-correlation functions was adopted to correct the well-known 
underestimation of the band gap in the PBE calculations.

Figure 5.  Polarization-sensitive photodetection of ultrathin KNb3O8 nanobelts. a) Schematic representation of the polarization-sensitive photodetector 
based on KNb3O8 nanobelt. b) Contour map of polarized photoelectric characteristics of KNb3O8 device under 254 nm light irradiation with different 
polarization angle. c) Time-resolved photoresponse with light polarization direction along 0–180° recorded under 254 nm laser sources. d) Polar plot 
of the angle-resolved photocurrent under 254 nm linear-polarization laser illumination. e) Comparison of the photocurrent anisotropic ratio and pho-
toresponse range with other common 2D and 1D materials, including Sr2Nb3O10,[50] ZnO,[51] SiP,[52] GeP,[53] ZnS,[54] ZnSe,[55] ReS2,[23] BiOCl,[56] CuBr,[21] 
NiPS3,[57] GeSe2,[20] Sb2Se3,[58] GeAs,[24] GeSe,[59] PbSnS2.[60]
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