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High-performance UV Photodetector with Superior Responsivity 
Enabled by a Synergistic Photo/Thermal Enhancement of 
Localized Surface Plasmon Resonance 

Luxia Zhenga, Yang Yang*a, Chris R. Bowenb, Lan Jianga, Zhan Shua, Yun Hea, Hongli Yanga, Zongzhuo 
Xiea, Taixu Lua, Feng Hu *a and Weiyou Yanga  

In this paper, we propose a new strategy to enhance the photoelectric performance of ultraviolet (UV) photodetectors by 

exploiting a synergistic photo-thermal effect which is induced by a localized surface plasmon resonance. We demonstrate 

that a W18O49 plasmonic semiconductor is able to improve the performance of target photodetectors as a result of a localized 

surface plasmon resonance, which increases light absorption, enhances the photothermal effect to deliver an increased 

photocurrent, and provides photo-induced “hot electrons” to limit carrier depletion over prolonged light illumination. 

Consequently, a UV photodetector based on W18O49/TiO2 nanofibers is shown to exhibit an excellent photodetection 

performance with a high responsivity of up to 1.6 × 104 A/W, which is five times greater than the pure TiO2 analogue and 

greatly exceeds the TiO2-based photodetectors reported to date.

Introduction 

Excessive irradiation from ultraviolet (UV) light of high energy 

and strong penetrating power can intensify corneal damage, 

thereby leading to snow blindness, retinopathy degeneration, 

and maculopathy 1-3. The formulation of a rational strategy to 

meet the high requirements for functionalization, 

differentiation, and rapid response of UV light detection is 

therefore a matter of utmost urgency 4-6. In the quest for 

innovations in photoelectric detection technologies, a variety of 

metal oxide semiconductor materials with a wide band-gap 

have been considered as candidates in ultraviolet 

communication 7, environmental sensing 8, flame detection 9, 

chemical and biological sensing 10, 11. Among them, titania (TiO2) 

has attracted significant attention due to its unique superiority 

with regard to chemical and thermal stability, high temperature 

resistance, and excellent photoelectric properties 12. The wide-

ranging applications of TiO2 nanostructures have led to 

researchers realizing the significance of improving the 

optoelectronic performance of UV photodetectors.  

To date, nanostructured semiconductors offer the 

possibility of achieving a high photoelectric performance, in 

particular by the creation of one-dimensional (1D) structures 

due to their remarkable properties such as highly-crystalline 

nature 13, high surface area 14, carrier confinement 15, and low 

carrier transit time16. However, the underlying methods to 

create nanostructured UV photodetectors with superior 

performance for application in air remain a challenge. In the last 

decade, research in this area has focused on the construction of 

heterostructure detectors, which are able to absorb and detect 

the photon energy and change the electron state within a 

heterojunction, thereby producing a built-in electric field to 

achieve efficient separation/transport of photoinduced carriers 
17, 18. Using this procedure, an improved photoelectric current 

can be obtained; however, the finite photon energy within the 

heterojunction has a direct affect on the amount of state 

change in the internal electron. As a classic plasmonic “optical 

antenna”, noble metal nanostructures with a localized surface 

plasmon resonance (LSPR) possess the unique capability to 

concentrate and amplify the incident light intensity 19, 20. Noble 

metals are frequently introduced into heterostructure 

detectors to improve system performance by enhancing light 

absorption and carrier transfer at the interface based on the 

plasmonic energy transfer from the noble metal to the 

semiconductor 21, 22. However, a complex multi-step operation 

need to be adopted to obtain anisotropic-nanostructured noble 

metals, and the high-cost of noble metals restrict their large-

scale practical application. Recently, heavily doped 

semiconductors such as Cu2-xS, Cu2-xSe, B-/P-doped Si, WO3-x, 

and MoO3-x have been widely employed as plasmonic 

nanostructures, which provide an economical and viable 

alternative to conventional noble metals. The LSPR 

phenomenon of these semiconductor materials originates from 

the collective oscillations of excess free carriers associated with 

ion doping or lattice vacancies, resulting in the emergence of a 

localized electric field near the surface of the nanostructures. 

The plasmonic “hot-electrons” generated by means of the 

resonant energy decay possess higher energies than those 

produced by direct light irradiation 23, 24. 

In addition to photon detectors that directly absorb incident 

light energy, thermal detectors are also a common form of 

photodetector, which convert the absorbed light into thermal 

energy due to the motion of the crystal lattice. At present, a 

number of studies on semiconductor photodetectors that 
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integrating photon-conversion with thermal-conversion have 

been recently reported to improve the overall photo-response 

and meet the functional and performance requirements of new 

applications 25, 26. However, the manufacture of these specific 

photodetectors requires a highly complex preparation 

technology. With the excavation of potential energy relaxation 

processes within plasmonic nanostructures, the intriguing 

possibility of developing a simple approach to achieve 

synergistic photo/thermal improvement of photoelectric 

properties is an area of high interest. Unlike conventional 

heating via an external supply, the LSPR-induced thermal effect 

provides an intriguing route to rapidly increase the temperature 

near the nanostructured surface 27. On irradiation, the energy 

accumulated at the plasmonic surface decays in a non-radiative 

pathway, which generates localized high temperatures as a 

result of the electron kinetic energy, which can then be 

transferred to the metal lattice phonons. 

In this study, we examine the synergistic photo/thermal 

effects that arise from plasmonic creating W18O49 

nanostructures, which are able to enhance the optoelectronic 

performance of photodetectors. We report on a novel 

plasmonic photodetector design based on hydrothermal 

growth of plasmonic W18O49 onto TiO2 via a two-step route. Our 

experimental results and 3D finite element modelling (FEM) 

simulations demonstrate that a single W18O49/TiO2 

heterojunction photodetector can exhibit significantly 

improved optoelectronic performance compared to pure TiO2 

photodetectors, and the LSPR-induced photothermal effect 

provides sufficient stability to allow it to be employed at low 

temperature conditions. The work therefore provides new 

insights in exploiting localized surface plasmon resonance 

(LSPR) to produce high performance photodetectors, with 

potential applications in future optoelectronic devices. 

Results and discussion 

The W18O49/TiO2 heterostructure was fabricated through a 

facile two-step route, see Figure 1A. Firstly, TiO2 nanofibers 

(NFs) were fabricated by an electrospinning method, which are 

annealed as a growth main trunk 28. Secondly, a W18O49 

hierarchical structure was grown on the surface of TiO2 

nanofiber trunks via a solvothermal reaction. The one-

dimensional nanofibers produced were used to facilitate 

electron transport throughout the optoelectronic system. To 

illustrate the constitution of trunk-branched heterostructure, 

the morphology and microstructure of the compounds and 

corresponding single-component are examined via scanning 

electron microscopy (SEM) images in Figure 1B-D. As can be 

seen in Figure 1B, the synthesized TiO2 NFs exhibit a smooth 

surface with an average diameter of 300 ~ 500 nm and a length 

of several micrometers. The solvothermal growth of W18O49 

exhibits a ‘sea urchin-like’ appearance with unequal length 

nanowires with an average diameter of approximately 1.6 m, 

as shown in Figure 1C. It can be observed that using a higher 

hydrothermal temperature results in thicker W18O49 nanowires 

(NWs), and selection of a suitable reaction temperature to 

Figure 1(A) Fabrication process of the W18O49/TiO2 heterostructure; SEM images of (B) TiO2 nanofibers (NFs), (C) W18O49 nanowires (NWs) and (D) W18O49/TiO2 heterostructure, the 

scale in the Figure is 500 nm; (E) TEM images of an individual W18O49/TiO2 heterostructure; (g) SAED pattern and (h) HRTEM image of the W18O49/TiO2 heterostructure. 
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create W18O49 enables the production of the desired 

W18O49/TiO2 trunk-branched heterostructure, see Figure S1. 

The resulting diameters range from 10 to 40 nm and lengths 

range from 200 to 500 nm. Figure 1D indicates that the surface 

of the TiO2 nanofibers became rough after the hydrothermal 

reaction, and were decorated with high density W18O49 NWs 

which contributed to electron-hole separation to create a highly 

response device. To further clarify the heterostructure 

characteristics, we carried out detailed component analysis in 

Figure 1E and F, where a transmission electron microscopy 

(TEM) image of an individual W18O49/TiO2 nanofiber and the 

corresponding spatially-resolved elemental mapping of Ti, W 

and O elements are presented. These images reveal that Ti is 

primarily distributed in the middle of the branched trunk 

heterostructure and W is dominant in the external region of the 

trunk. It can be seen that the spatial distributions of Ti, W and 

O elements fit well with the trunk-branched morphologies of a 

W18O49/TiO2 heterostructure, implying that the branches 

consist of W18O49, whereas the TiO2 phase is located at the 

center of the trunk. The corresponding selected area electron 

diffraction (SAED) pattern can be indexed to two sets of 

diffraction rings that consist of monoclinic W18O49 and anatase 

TiO2, see Figure 1G. At a higher magnification, only a lattice 

stripe of W18O49 can be observed in W18O49/TiO2 

heterostructure, which confirms the structure of TiO2 

nanofibers with branches of W18O49 nanowires attached. The 

high-resolution transmission electron microscope (HRTEM) 

analysis in the labeled region of Figure 1E indicates a lattice 

fringe length of d = 0.38 nm in Figure 1H, which is the response 

of the {010} planes of the W18O49 nanowires. 

Energy dispersive spectroscopy (EDS) results and the 

elemental composition of W18O49/TiO2 are shown in Figure 2A, 

where W, Ti and O exist. The X-ray diffraction (XRD) pattern 

reveals no new peaks, apart from the characteristic peaks of 

individual components, suggesting the solvothermal 

preparation creates a truly hierarchical heterostructure (see 

Figure 2B). The element chemical state and binding 

environment of W18O49/TiO2 heterostructures are examined by 

X-ray photoelectron spectroscopy (XPS). Figure 2C shows the 

W18O49/TiO2 branched heterostructures with a binding energy 

from 0 to 800 eV. The XPS spectrum demonstrates the existence 

of W, Ti, and O elements, which are consistent with the EDS 

element distribution map. As shown in Figure 2D, strong 

characteristic peaks are clearly observed, which are assigned to 

Ti 2p3/2 (458.7 eV) and Ti 2p1/2 (464.4 eV), which is the normal 

state of Ti4+ in the trunk of W18O49/TiO2 heterojunction 29. For 

the W18O49/TiO2 heterojunction, there are two kinds of W 

states, including four symmetric peaks in the W 4f region. The 

peaks at 34.1 eV and 35.5 eV originate from W 4f7/2, and the 

peaks at 36.7 eV and 37.6 eV are attributed to W 4f5/2. These 

indicate that W5+ and W6+ exist in the W18O49 nanowire 

branches, which is in agreement with reports on plasmonic 

semiconductor tungsten oxides, as shown in Figure 2E 30. The 

results further confirm the existence of non-stoichiometric W 

atoms, accompanied by the appearance of oxygen vacancies. To 

study the chemical state, the O 1s peaks of XPS spectra can be 

well fitted by three peaks, see Figure 2F. The peak at 530.3 eV 

corresponds to a O 1s level of the O2- oxygen atom in the 

W18O49/TiO2 heterojunction. The peaks at 532.68 eV and 531.38 

eV are assigned to the hydroxyl group (OH-) on the oxide surface 

and the chemisorbed oxygen species, respectively. The XPS 

Figure 2 (A) EDX spectra of W18O49/TiO2; (B) XRD patterns of the as-fabricated samples: Orange is TiO2, blue is W18O49, green is W18O49/TiO2; (C) XPS spectrum of the W18O49/TiO2 

heterostructure: (D) Ti 2p core-level spectrum; (E) W 4f core-level spectrum; (F) O 1s core-level spectrum. 
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analysis shows that there are abundant oxygen vacancies, 

which can greatly improve the light absorption performance by 

moving the Fermi level up and promoting carrier separation by 

accelerating the surface reduction half reaction 31, 32.  

As a classic “optical antenna”, plasmonic nanostructures, 

with the unique capability to amplify the incident light intensity, 

strongly depend on the shape, size and position of the 

heterojunction system. Figure 3A reveals the broad plasmonic 

extinction band of W18O49 nanowires in the wavelength range 

from 325 nm to 800 nm. When combined with finite element 

modelling (FEM), we demonstrate the directional dependence 

and intensity distribution of the localized electric field of the 

W18O49 nanowires. The extinction signal prior to 445 nm of the 

W18O49 nanowires, see Figure 3A, is primarily due to the 

transverse plasmon mode, whereas in the long-wavelength 

range (> 445 nm), the extinction spectrum of the longitudinal 

mode of the electric field is dominant. Similar to a typical 1D 

noble metal nanostructure (e.g., nanowire, or nanorod) with 

two resonance modes 33, Figure 3B shows that the single 

nanowire model system can describe the optical properties with 

respect to the electric field directions (i.e., transverse [ET, as 

indicated by the red arrow], longitudinal [EL, as indicated by the 

blue arrow] and incident light [k, as indicated by the black 

arrow]); the contour color indicates the electric field 

enhancement, |E|2/|E0|2. The transverse plasmon mode is 

generated by electron oscillations perpendicular to the principal 

axis of the W18O49 nanowires; see Figure 3B. For the longitudinal 

plasmon mode, electrons oscillate along the principal axis of 

nanowire, and the plasmon propagates horizontally in the 

nanowire. Unlike the transverse plasmon mode of noble metal, 

the short-wavelength extinction (< 445 nm) of the W18O49 

nanowires originates from two aspects. Firstly, the existence of 

Figure 3(A) UV-vis-IR absorption spectra of the W18O49 and N-W18O49; Electric field distributions with incident irradiation of 375 nm of (B) single W18O49 nanowire with respect to 

the electric field directions (transverse [ET] and longitudinal [EL] directions), k (black arrow) indicates the direction of the incident light; (C) Electric field distributions of the isolated 

W18O49/TiO2 nanofiber and a single W18O49 nanowire and TiO2 nanofiber at different contact positive: (D) tip contact and (E) cross contact, under incident irradiation (375 nm) along 

the z-axis. 
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intrinsic absorption in W18O49 can be confirmed through the 

extinction spectrum of N-W18O49, where the intensity clearly 

weakens but is still present and the W18O49 that loses its 

plasmonic properties is defined as N-W18O49 (Figure 3A), which 

are formed through H2O2 treatment of plasmonic W18O49 to 

passivate their surface oxygen vacancies. Secondly, for the 

transverse plasmon mode, the extinction intensity of N-W18O49 

is lower than that of the W18O49 and suggests the contribution 

of the transverse plasmon resonance effect. This statement is 

also supported by localized electric field enhancement of the 

transverse plasmon mode when the incident direction is 

perpendicular to the principal axis, see Figure 3B. Due to the 

coupling between the transverse plasmonic extinction 

wavelength and excitation light of 375 nm, this leads to an 

enhancement compared to the longitudinal electric field. As 

shown in Figure 3C, the random contact model of W18O49/TiO2 

displays a significant localized field enhancement (up to 352-

fold) and a plasmon coupling effect between nanowires which 

mainly occurs in the contact region of two domains (W18O49 and 

TiO2). 

To reveal the localized electric field in the W18O49/TiO2 

heterojunction, the relative positions of the W18O49 and TiO2 

domains are displayed in Figure 3C. We now simplify the 

heterojunction into two contact types of a single W18O49/TiO2 

heterostructure; namely (ⅰ) cross contact (as in Figure 3D), 

where the side of the W18O49 nanowire contacts the side surface 

of the TiO2 nanostructure and (ⅱ) tip contact (Figure 3E), where 

the tip of the W18O49 nanowire contacts the front of the TiO2 

nanostructure;  these are both further refined into contacts at 

different angles: 90°, 45° and 0°, as shown in Figure 3D and E 

respectively, where the maximum field enhancement is shown. 

It can be seen that the tip contact type (Figure 3E) experiences 

a more intense electric field based on the high electron density 

at the tip. The electric field enhancement of the tip contact 

mode (Figure 3E) exceeds that of the cross contact mode for all 

contact angles (Figure 3D). In the case of the tip of W18O49 

nanowire making contact with the long axis (z-axis) of TiO2 at 

different angles, the maximum electric field enhancement value 

reaches 43 (Figure 3e1), 61 (Figure 3e2) and 75 (Figure 3e3) 

around the surface nanostructure, respectively. We observe an 

increase of |E|2/|E0|2 in the 0° parallel contact model (Figure 

d1, e1), as compared to a 45° (Figure d2, e2) or 90° contact mode 

(Figure d3, e3), where the optimum strength lies in the tip 

contact type, rather than the cross contact (see Figure 3D and 

E). Therefore, it is confirmed that the localized electric field 

distribution induced by a plasmon resonance effect is relevant 

to the contact mode in W18O49/TiO2 heterojunction system 

under 375 nm excitation, which consequently enhances the 

extinction performance of the scattering effect of incident light. 

It should be noted that the electric field enhancement mainly 

emerges in the vicinity of W18O49/TiO2 trunk-branch 

heterostructures. These results illustrate that the LSPR-induced 

by incident light can be strongly concentrated and magnified via 

the plasmonic W18O49 branches near the TiO2 trunk. In general, 

the enhanced localized electric field at the heterogenous 

interface is accompanied by the generation of “hot electrons” 

and increase of localized temperature 34. Thus, similar to a 

photoelectric system that is modulated by a noble metal 35, it is 

reasonable to suggest that the W18O49 loaded on the TiO2 favors 

both the kinetic process of producing plasmonic “hot electrons” 

Figure 4(A) Photograph showing the property measurements of the fabricated photodetectors conducted on a four-probe station; (B) Corresponding microphotograph of single 

nanofiber photodetector; (C) I-V characteristic curves of W18O49/TiO2 photodetectors under di fferent wavelengths irradiation with 1 V bias voltage; (D) Logarithmic I-V curves and 

(E) I-T characteristic curves of single W18O49/TiO2 heterostructure under irradiation 375 nm. 
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and a thermal effect, thereby leading to a synergistic 

photo/thermal photoelectric response under UV-light.  

We now undertake functional W18O49/TiO2 photodetector 

performance using a four-probe station in conjunction with a 

semiconductor characterization system, see Figure 4A. Figure 

4B shows a microphotograph of an individual W18O49/TiO2 

nanofiber photodetector with an electrode separation of 

approximately 10 µm. Subsequently, the current-voltage (I-V) 

curves of a single W18O49/TiO2 nanofiber photodetector is 

measured after irradiation at a range of wavelengths using a 

500-W Xenon arc lamp as a light source, see Figure 4C. It can be 

observed that the current flowing through the photodetector 

exhibits a linear relationship with an increase of applied biases, 

suggesting that the contacts are ohmic in nature between the 

W18O49/TiO2 nanofiber and Au electrodes, which can reduce the 

contact barriers of the heterojunction system, leading to the 

enhanced capabilities of the device 36. By subjecting devices to 

an appropriate light wavelength state (375 nm at 46.4 mW/cm2 

illumination at 1 V bias originated from Figure 4C) and in the 

dark, the photoconductive behavior of a single W18O49/TiO2 

nanofiber is recorded using the logarithmic I-V curves in Figure 

4D. This can be ascribed to the effective separation of electron-

hole pairs based on absorption of the illumination light, and the 

transfer of plasmon-induced “hot electrons” to enhance the 

photoconductive behavior under a bias voltage 26. Figure 4E 

shows a typical photo-switching characteristic of an individual 

nanofiber detector measured by periodically turning the 375 

nm light of a laser diode on and off under ambient air conditions 

at a bias of 1.0 V, with an average power of 46.4 mW/cm2. The 

photocurrent performance indicates a sharp increase and fall 

with the irradiation turning on and off, and confirms the as-

constructed photodetector exhibits excellent stability and 

reproducibility.  

To consolidate the afore-mentioned results, the specific 

impact of the plasmon resonance effect on the optoelectronic 

properties of the photodetector devices with the ultraviolet-

light (UV-light) intensities is investigated in Figure 5. The time-

response curves of conventional TiO2 photodetectors and 

logarithmic I-V curves of a W18O49/TiO2 photodetector are 

measured under illumination at 375 nm with light intensities 

ranging from 1.4 mW/cm2 to 57.5 mW/cm2 at a bias of 1 V. For 

the TiO2 photodetector device, a stable photocurrent without 

evident fluctuation exhibits a rising trend with increasing UV 

intensity, see Figure 5A. The photocurrent of the plasmonic 

W18O49/TiO2 photodetector also increases gradually with 

increasing incident light intensity in Figure 5B, demonstrating 

that more carriers are transported to the corresponding 

electrodes at stronger light intensities. A strong proportional 

relation between the photocurrent and light intensity is clearly 

observed, and the results in Figure 5C reveal the excellent 

capability of the W18O49/TiO2 photodetector devices for UV 

photon utilization. The nonlinear dependence of current-power 

relation is analyzed by a power law: 𝐼 = 𝐴𝑃𝜃 , where A is a 

constant for a given wavelength, P is the light intensity, and θ is 

the exponent denoting that this response of the photocurrent 

to light intensity presents the generation, recombination, and 

trapping process of electron-hole within the semiconductor 37. 

The θ value of the photodetectors can be estimated with an 

applied bias of 1 V, which is lower than the idea index value of 

1, indicating the existence of trap states in the devices 38. 

Figure 5(A) Time-response curves of TiO2 nanofiber photodetector and (B) Logarithmic I-V curves of W18O49/TiO2 photodetector irradiated at 375 nm with respect to different 

intensities: i) 1.4 mW/cm2; ii) 13.3 mW/cm2; iii) 22.5 mW/cm2; ⅳ) 35.6 mW/cm2; ⅴ) 46.4 mW/ cm2; ⅵ) 57.5 mW/cm2; (C) Relationship between the photocurrents and light 

intensities of different photodetectors at a fixed incident-light wavelength of 375 nm; (D) Plots of responsivity, (E) EQE and (F) detectivity of different photodetectors versus light 

intensities at a bias of 1 V. 
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Meanwhile, the exponent value of W18O49/TiO2 heterostructure 

(0.77 close to 1) suggests less trap states compared to a purely 

TiO2 photodetector (θ = 0.66) 39, 40, which can be related to the 

plasmonic heterostructure efficiently collecting photoinduced 

charge carriers in the space charge region 41, 42. 

We now carry out a representative optoelectronic 

performance comparison between a pristine TiO2 

photodetector and a W18O49/TiO2 photodetector under UV light 

illumination with a 1 V bias. The responsivity (R), external 

quantum efficiency (EQE) and detectivity (D*) are three key 

parameters to evaluate the optoelectronic performance of the 

photodetector. In this work, the photodetectors are measured 

at a modulation frequency of 150 Hz, so the low frequency noise 

(1/𝑓) can be ignored and thus the D* could be calculated using 

the formula. The parameters can be expressed as the following 

equations: 

𝑅𝜆 =
Δ𝐼

𝑃𝜆𝑆
                                     (1) 

𝐸𝑄𝐸 =
ℎ𝑐

𝑒𝜆
⋅
Δ𝐼

𝑃𝜆𝑆
                          (2) 

𝐷∗ =
𝑅𝜆

(2𝑒
𝐼𝑜𝑓𝑓

𝐴
)

1
2

                             (3) 

where ΔI is the difference between the photocurrent and the 

dark current, Pλ is the effective incident laser power, A is the 

effective area of the detector, h is Planck's constant, c is the 

velocity of light, e is the electronic charge, λ is the exciting 

wavelength, Ioff is the dark current and e is the elementary 

charge. It can be seen from Equations (1-3) that the dark current 

of a photodetector should be suppressed to the lowest possible 

level to distinguish weak optical signals and Rλ and EQE are 

closely related to light intensity. The values of R, EQE and D* are 

plotted as a function of different Pλ of 375 nm light illumination 

for both the TiO2 and W18O49/TiO2 photodetectors in Figure 5 D-

F, and the maximum calculated, and values of the W18O49/TiO2 

photodetector are R = 1.6 × 104 A/W, EQE = 5.29 × 104 % and 

D*= 1.97 × 1011 cm Hz1/2 W−1 for  = 375 nm, P = 1.4 mW/cm2, 

and Vbias = 1 V. Correspondingly, the obtained highest R and EQE 

values for the W18O49/TiO2 photodetector device are enhanced 

by a factor of 105 times compared to those of the TiO2 

photodetector, while the D* value of the W18O49/TiO2 

photodetector is 100 times that of the TiO2 photodetector due 

to the associated increase in dark current. These results imply 

that the plasmonic W18O49 can effectively facilitate the charge 

separation and enhance light absorption through the 

heterogenous interfacial charge transfer process and/or LSPR 

behavior, which can be integrated in a low-cost non-metallic 

heterostructure. In addition, the calculated R, EQE and D* 

values of the two photodetector devices exponentially decrease 

as the power intensity increases. Under the highest lighting 

power density, the increased number of photogenerated 

charge carriers can induce a reverse electric field that opposes 

the equilibrium built-in field, effectively lowering the built-in 

electric field in the photodetector system. Thus, the charge 

carrier recombination at the interface is accelerated with a 

resulting decrease in optoelectronic performance 43, 44. This 

photocurrent saturation phenomenon may be of particular 

importance in high-dynamic-range sensing to avoid saturation 

effects at the readout under intense illumination 44. These 

parameters, along with the literature values reported for the 

TiO2-based photodetectors, are summarized in Table 1. The 

photoelectric performance of the W18O49/TiO2 photodetector is 

comparable to the other state-of-the-art photodetectors. In 

particular, in terms of responsiveness, our W18O49/TiO2 

photodetector is superior to previously reported 

photodetectors with different structures or strategies; it also 

exhibits superior capabilities for UV photodetector with an 

individual 1D nanostructure.  

To clarify the influence of the SPR-coupling-induced 

photothermal effect on the UV light detection, the current-time 

(I-T) characteristics of single TiO2 nanofiber photodetector at 

different temperatures are performed using 375 nm light with a 

power density of 46.4 mW/cm2 at a bias of 1.0 V, as shown in 

Figure 6A. The results demonstrate that the photocurrent 

increases with an increase of the working temperatures, which 

mainly originates from the heated electrons with a higher 

transport speed, resulting in the acceleration of carrier 

recombination. In view of the raised temperatures, the work

Table 1 Performance Comparisons of Photodetectors with Different Structures or Strategies 

Device Bias (V)  (nm) r (s) f
 (s) R (A/W) D* (cm Hz1/2 W−1) Ref. 

TiO2/Perovskite 10 400-800 0.49 0.56 0.008 1.9  1012 7 

Ag/NiO/TiO2 0 365 0.004 0.0043 0.2 1.4  1010 42 

TiO2/P3HT 0 350 0.72 0.5 3.710-5 1.6  1010 45 

Au/TiO2/P3HT 0 350 0.48 2.12 2.510-4 2.9  1010 45 

TiO2/Ag / 350 0.002 0.047 1.110-3 / 46 

In2O3/TiO2 2 280 2.1 0.3 799.5 1.1  1012 47 

Co3O4/ TiO2 5 380 0.17 0.21 4 2.8 × 1011 48 

Ag-TiO2/RGO 4 350 0.16 0.49 1760 6.7 × 1013 49 

W18O49/TiO2 1 375 0.292 0.245 1.6 × 104 1.97  1011 This work 



PAPER  

8 | Journal of Materials Chemistry C , 2023, 00, 1-3 This journal is © The Royal Society of Chemistry 2023 

Please do not adjust margins 

Please do not adjust margins 

function of the semiconductor and the height of the potential 

barrier between the electrodes and nanofiber can be reduced, 

which contributes to the decrease in contact resistance 50. In 

addition, the localized temperature may also speed up the 

adsorption and desorption process of oxygen at surface states 
51, 52. Moreover, the photothermal effect is quantitatively 

evaluated by using an infrared thermal camera under 375 nm 

irradiation (see Figure 6B). Monitoring the localized 

temperature on the surface of the film formed by W18O49 

nanowires, similar to noble metal nanostructures, the strong 

localized heating phenomenon occurs from initial temperature 

21 ℃ to 77 ℃  after irradiating steadily for 1 min 35, 53. 

Furthermore, we employ a N-W18O49/TiO2 to exhibit no LSPR 

effect as a control sample in order to verify the impact of 

plasmonic W18O49 on the optoelectronic properties. The 

passivated N-W18O49/TiO2 photodetector is identical to the 

W18O49/TiO2 photodetector in structural features and 

component morphology. Figure S2 reveals the equivalent circuit 

is not influenced by the N-W18O49 in the photodetector system 

produced. Importantly, the observation reveals that the I-T 

characteristic behavior of N- W18O49/TiO2 with a filled oxygen 

vacancy is much lower than plasmonic W18O49/TiO2, and is yet 

higher than TiO2 due to the formation of a non-plasmonic 

heterostructure that retains and improves photoprobe 

performance. Thus, the results demonstrate our heterojunction 

photodetector system W18O49/TiO2 possesses a beneficial 

working temperature, suggesting the synergetic coupling effect 

between plasmonic “hot electrons” and a LSPR-induced 

photothermal in the as-fabricated plasmonic photodetector to 

promote the photoelectric properties. This internal heating 

characteristic under room temperature and low voltage (1 V) 

offers more possibilities for detection of UV light at low 

temperatures. 

Figure 6C presents the temporal response of the 

W18O49/TiO2 photodetector device, which are defined as the 

photocurrent reaching 90% of the highest value (termed rise 

time r) and a drop to 10% (termed recovery time f) 54,55. Under 

375 nm illumination, the rise time and recovery time of the 

heterostructure photodetector can be estimated to be 0.265 s 

and 0.197 s, respectively. It is verified that the rise and recovery 

times of TiO2 photodetector are significantly slower than those 

of the composite counterpart (see Figure S3). For W18O49/TiO2 

photodetector, the photo response of the device could be 

mainly attributed to the spatial separation of photo-generated 

electrons from TiO2 to W18O49, the generation and fast transfer 

of “hot electrons” induced by surface plasmon resonance to 

overcome the carrier cooling and trapping process56, 57. As we 

can see, the photocurrent shows a trend of decreasing and then 

leveling off with laser irradiation. This is mainly due to once the 

375 nm UV laser is suddenly subjected for irradiation, the 

localized temperature (dT/dt >0) of W18O49/TiO2 photodetector 

would be rapidly raised, due to the LSPR-induced photothermal 

effect. In this case, the direction of the current generated by the 

photothermal effect is like to that of the photocurrent 

generated by the photovoltaic effect, accounting for the sharp 

increased current at the moment of turn-on light. When the UV 

light is continuously irradiated, the temperature of the 

photodetector reaches a constant value, implying that the 

output current is lowered, followed by maintaining at a stable 

plateau. To demonstrate its stability, the photocurrents of a 

single W18O49/TiO2 photodetector are monitored over the 

course of a day under irradiation by 375 nm light, see Figure 6D. 

Figure 6(A) I-T characteristic curves of TiO2 photodetector at different temperatures; (B) Infrared thermal photographs of W18O49/TiO2 photodetectors; (C) I-T characteristic curves 

of the W18O49/TiO2 photodetectors; (D) Long-term stability of as-constructed W18O49/TiO2 photodetectors under room temperature; (E) Schematic of the kinetics process of the 

interfacial electron transfer in the W18O49/TiO2 heterostructures; (F) Schematic for the as-constructed photodetector nanodevice based on a single W18O49/TiO2 trunk-branched 

heterostructures. 
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We now take a new single W18O49/TiO2 nanofiber 

photodetector device, and the corresponding photocurrents 

could remain almost the same as the initial value with a 

negligible fluctuation amplitude of below 1%. Interestingly, for 

a photodetector which has been preserved under ambient 

conditions for one month, these photocurrents exhibit small 

fluctuation amplitudes of below 5.1%. These factors describe 

the long-term stability of the nanofiber photodetector device 

during operation under an air environment. The spatial kinetic 

behavior of the photon-generated carriers across the interface 

is primarily defined by the energy band configuration in 

heterojunction photodetector system. It is therefore necessary 

to understand the effects of both “hot electrons” transfer and 

photothermal effects of plasmonic W18O49 on the enhanced 

optoelectronic characteristic. Figure S4 provides the UV-vis-IR 

absorption spectra of TiO2 nanofibers and W18O49 nanowires, 

illustrating that the bandgap with semiconductive properties 

are ≈ 3.06 eV and ≈ 3.00 eV, respectively. The semiconductor 

nature and band structure of W18O49/TiO2 are further studied by 

Mott-Schottky plots, where Figure S4c shows a positive slope in 

both TiO2 and W18O49, corresponding to the n-type 

semiconductor characteristics. The flat band potentials (Efb) of 

TiO2 and W18O49 are estimated to be approximately -0.45 V 

and -0.15 V (vs Ag/AgCl, pH ≈ 7) through the intersection of the 

tangent line with the x-axis. According to the Nernst equation, 

the measured flat band potential (vs. NHE) is equivalent to -0.25 

V and 0.05 V, thus the conduction band potential (ECB) could be 

converted to -0.35 V and -0.05 V due to the conduction band 

(CB) potential is negative about ~0.1 V than their flat band 

potential for n-type semiconductor 58, 59. For both TiO2 and 

W18O49, it can be observed that the valence band (EVB) can be 

determined to be +2.71 V and +2.95 V (vs. NHE), by the formula 

(𝐸𝑔 = 𝐸𝑉𝐵 − 𝐸𝐶𝐵), respectively. Based on the afore-mentioned 

experimental results, a schematic of the possible energy band 

positions and the proposed interfacial electron transfer process 

over the as-constructed photodetector nanodevices based on a 

single W18O49/TiO2 trunk-branched heterostructures are 

demonstrated in Figure 6E. Under UV light irradiation, there are 

two possible electron kinetic transfer processes, and both TiO2 

and W18O49 can effectively produce electrons and holes due to 

their respective absorption of UV region. Firstly, there is a 

traditional Type II heterogeneous electron transfer. Given the 

Type II heterojunction formed at the interface, the electrons in 

the conduction band (CB) of TiO2 can rapidly move to the CB of 

W18O49 and then transfer to the Au electrodes, promoting 

carrier separation while the holes transfer from the VB of 

W18O49 to the VB of TiO2. Secondly, there is a plasmonic “hot 

electrons” surface plasmon (SP) state electron transfer. Upon 

LSPR excitation, the excess free electrons around the Fermi 

level of W18O49 branches can reach the virtual high-energy SP 

state to form plasmonic “hot electrons”. Subsequently, the “hot 

electrons” can inject into the Fermi level of Au electrodes to 

cause the LSPR-enhanced photoelectric response 60. This 

indicates that the plasmonic heterostructure can increase the 

optoelectronic performance of TiO2 based on type II 

heterogeneous electrons transfer and plasmon “hot electrons” 

transfer process, which is consistent with the experimental 

results and uncovers the underlying mechanism of superior 

performance of heterostructure. 

We propose that the photoelectric mechanism (Figure 6F) 

for this high performance of the single W18O49/TiO2 

photodetector device which is primarily attributed to the 

following four aspects: i) The rational integration of plasmonic 

W18O49 with TiO2 nanofibers constructs a new generation of 

plasmonic heterostructure photodetector to strongly enhance 

the spatial separation of photon-generated carriers and 

improve the optoelectronic performance; ii) the heavily doped 

semiconductor W18O49 shows an intense LSPR absorption in a 

wide region. Upon light excitation, the W18O49/TiO2 

heterostructure interface experiences collective oscillations of 

excessive free carriers, which can promote a high localized 

electric field enhancement; iii) the plasmonic W18O49 can absorb 

the resonance wavelength to induce the generation of “hot 

electrons”, leading to overcome the contact barrier and transfer 

to the Au electrodes. This injection process is the dominating 

factor for making a faster transport path for significantly 

increasing the photocurrent and R value; iv) The LSPR-induced 

the photothermal effect also contributes to reduce the 

potential barrier and speed up the O2 desorption process on the 

surface of heterostructures, thereby desired localized 

temperature is beneficial to the decrease in contact resistance 

for the photodetector device. 

Conclusions 

We have demonstrated the fabrication of a new form of 

efficient 1D nanofiber heterojunction photodetector based on 

W18O49/TiO2 nanofibers that are formed via electrostatic 

spinning, followed by in-situ hydrothermal growth process. By 

combining detailed experimental characterization with 3D 

simulations, it is confirmed that the resonance excitation of 

W18O49 nanowires in the as-synthesized heterostructures can 

greatly magnify the localized electric field from incident light. 

This new strategy integrates both photo-induced “hot 

electrons” and a photothermal effect to significantly enhance 

light absorption and effectively promote carrier separation. The 

plasmonic W18O49/TiO2 photodetector possesses a maximum 

responsivity (R), external quantum efficiency (EQE) and 

detectivity (D*) of R = 1.6 × 104 A/W, EQE = 5.29 × 104 % and D* 

= 1.97×1011 cm Hz1/2 W−1 when illuminated by 375 nm light with 

a power density of 1.4 mW/cm2 at a bias of 1 V. The 

photodetector exhibits a significantly improved responsivity, 

which is five times higher than the pure TiO2 analogue and 

significantly exceeds the TiO2-based photodetectors reported 

to date. Compared with current reported nanomaterial-based 

photodetectors, the use plasmonic semiconductor also provide 

unique advantages, including thermal and environmental 

stability, when used as the functional units. The present work 

therefore provides new insights in the exploration of advanced 

localized surface plasmon resonance (LSPR)-induced 

photodetectors, with potential applications in future 

optoelectronic devices. 
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