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This study successfully synthesized high-performance photodetectors based on Ag-WO3 core–shell 
heterostructures using a simple and economical two-step pulsed laser ablation in water method and 
has investigated the electrical characteristics of the Ag@WO3 nanocomposite heterojunction. The Hall 
effect tests indicate that the synthesized Ag@WO3 exhibits n-type conduction with a Hall mobility 
of 1.25 × 103 cm2V-1S-1. Dark current–voltage properties indicated that the created heterojunctions 
displayed rectification capabilities, with the highest rectification factor of around 1.71 seen at a 5 V 
bias. A photodetector’s responsivity reveals the existence of two response peaks, which are situated 
in the ultraviolet and visible region. The photodetector demonstrates a rapid response time of less 
than 100 ms. The detectivity values for wavelengths of 350 nm and 490 nm were 35 × 1013 Jones and 
28 × 1013 Jones, respectively. The n-Ag-WO3/n-Si photodetector achieved a maximum EQE of 11.5% 
in the ultraviolet wavelength when subjected to 3 V and illuminated with 350 nm (26 mW/cm2) light. 
The devices demonstrate rapid switching behavior with a rise time of 0.32 s and a fall time of 0.33 s. 
The time-dependent light response of a photodetector under illumination at 26 mW/cm2 is seen at a 
bias of 3 V. The light exhibits a rise and decay duration of 15 s, while the photocurrent gain is measured 
at 9µA. The photocurrent of devices exhibited a positive correlation with the incoming light intensity, 
suggesting that the junction has the potential to function as a photo detector.
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In recent years, the field of nanotechnology has transformed several industries by enabling the development 
of advanced materials with enhanced properties1,2. Among the various types of nanomaterials, reactive core–
shell nanoparticles have emerged as a promising category with numerous applications3,4. These nanoparticles 
possess a unique structure where a reactive core is encapsulated within a shell, allowing for precise control over 
their characteristics and functionality5–7. Metal@oxide core–shell nanocomposite materials can be intentionally 
produced using various well-known methods8,9 or may form naturally under specific conditions. For instance, 
the exposure of several metal nanoparticles to the environment of an oxygen-wealthy can result in the creation 
of shells of oxide wrapping them10–12. Intentional oxidation of alloy nanoparticles can result in the formation 
of a metal oxide shell on a core composed of another metal13–15. Furthermore, oxides may encapsulate metal 
nanoparticles under catalytic conditions due to strong metal-support interactions. Sometimes, the migration 
of oxides onto metal particles can be quite subtle, especially if it results in the formation of extremely thin or 
discontinuous films16–19.

Tungsten oxide, as a readily fabricated and low-cost electrocatalytic material, is considered a promising 
electrocatalyst. The creation of tungstic acid enhances its electrical conductivity, while the development of oxygen 
vacancies in WO3 modifies its electrical properties and aids in the degradation of hazardous pollutants20,21. Due 
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to its high melting temperature, toughness, photo electrochromic properties, and mechanical characteristics, 
it is considered a potential candidate for electrical and optical applications22–24. Nanocrystalline WO₃ has a 
larger surface area and a higher surface-to-volume ratio for chemical and physical interactions, along with 
quantum confinement effects that influence charge transport, optical properties, and electronic structure25–27. 
In addition to the aforementioned excellent surface permeability, it is ideal for a wide range of applications, 
including gas sensors, photo electrocatalysis, efficient water splitting, memory devices, high-temperature diodes, 
and photodetectors28–34. In recent years, there has been limited information about WO₃ photodetectors utilizing 
individual nanostructures, as they exhibit slow response times and a low current on/off ratio35–37.

An ideal photodetector should exhibit minimal dark current to reduce interference noise and maximize 
sensitivity, enhancing the detection of optical signals. It is important to note that the performance of 
photodetectors generally hinges on the band gap characteristics of metal oxides and semiconductors. WO₃, for 
instance, is a typical wide band gap semiconductor with a range of 2.6–3.0 eV, a high exciton binding energy of 
about 0.15 eV, and an optical absorption coefficient ≥ 10,000 cm⁻138–41. This restricts its optical responsiveness 
in the visible range of the electromagnetic spectrum for photocatalytic applications. Therefore, altering the band 
gap of WO₃ is crucial as it determines the energy required for generating electron–hole pairs42–44. The band 
gap of WO₃ resonates with incident ultraviolet light energy, enabling the generation of additional electrons to 
contribute to photocurrent, thereby enhancing the photodetector characteristics. These physical characteristics 
indicate that WO₃ semiconductors have significant potential for manufacturing high-performance visible light 
and UV detectors with reliable performance45,46.

Metal particles like Ag act as localized surface plasmons (LSPs), which involve electromagnetic waves coupled 
to collective electron oscillations. Incorporation of Ag can modify the band gap of WO₃, extending the spectral 
response of Ag-WO₃ core–shell heterostructures into the visible range47,48. Nanoparticles of noble metals, such 
as silver and gold, have attracted significant technical attention due to their unique chemical, catalytic, optical, 
and electronic properties. The optical characteristics of silver and gold nanoparticles (NPs) are controlled 
by tunable local surface plasmon resonances. These resonances result from the collective oscillations of free 
electrons on the nanoparticle surface, which are induced by the incident optical field. All of these can lead to the 
enhancement of both absorption and scattering processes. The spectrum of the plasmonic relies on the NP size, 
shape, composition, environment medium, and morphology of the surface49,50.

The modification of nanoparticle surfaces with noble metals has been considered an efficient method to 
improve the sensing performance of semiconductor gas sensors. This modification has been applied in various 
heterogeneous photocatalysis applications. Nanostructures of noble metals deposited on a photocatalyst 
have been found to enhance light response and improve charge transfer efficiency across surfaces, thereby 
boosting photocatalytic activities and overall efficiency51–55. Furthermore, nanostructures of noble metals have 
been widely applied across various scientific and technological disciplines, such as agriculture, antimicrobial 
applications, therapy, diagnosis, and especially in the biomedical and biological fields56–60.

Experimental work
In this study, Ag@WO3 core–shell nanoparticles (NPs) were synthesized using a two-step laser ablation procedure 
in distilled water. In the first step, a pulsed beam from an Nd laser at 1064 nm was used to cut a 99.9% pure silver 
plate target, which was 0.8 mm thick. After that, it was immersed in 3 ml of distilled water in a glass container. 
It should be noted that chemicals were not added to distilled water. In this step, 1 Hz repetition rate, a 10 cm 
focal length of the lens, and a 15 ns pulse duration were also used. The silver target was cleaned by submerging 
it in acetone and washing it in clean water prior to dipping and irradiation. The laser ablation procedure was 
performed on the Ag target employing a 6.12 J/cm2 laser fluence and laser pulse numbers of 200, 250, 300, 350, 
and 400 pulses. These were done with various concentrations of silver, and the product is the nanoparticle in 
suspension form (0.36, 0.76, 1.2, 1.6, and 1.96) μg/mL.

In the second step, the silver target was replaced with a tungsten target in the solution to produce the Ag-WO3 
colloidal core–shell structure. This step involved using a 1064 nm laser with a focal length of 10 cm, operating 
at 1  Hz with a constant laser fluence of 76.34  J/cm2 and 300 laser pulses. This condition was the optimum 
conditions that was achieved previously in our published article, were the optical, structural, morphological, 
and electrical characteristics of the Ag@WO3 meso porous core–shell have been discussed extensively61. Hall 
measurements were conducted to assess the electrical conductivity and conductivity type of the Ag@WO3 film. 
The core–shell Ag@WO3 nanoparticles (NPs) were produced and then deposited onto a single-crystalline n-type 
silicon substrate via the drop casting process to create an n-Ag@WO₃/n-Si heterojunction (HJ) photodetector. 
The silicon substrate employed in this study is an n-type material with a mirror-like surface. It has an electrical 
resistance of 3Ωcm and an orientation of (111), and its thickness is 350 nm.

Initially, the silicon substrate was cut into pieces with an area of 1 cm2. Subsequently, it was thoroughly 
cleaned using a conventional technique and subjected to HF etching for a brief duration to remove the native 
oxide layer. A 500 nm-thick layer of core–shell Ag@WO3 was then applied. Ohmic contacts were formed by 
depositing indium and aluminum films onto the Ag@WO3 layer and silicon substrates, respectively, using a 
thermal resistive method with a specially developed thin metal mask. Figure 1 depicts the cross-sectional view 
of the n-Ag@WO3/n-Si heterojunction. The current–voltage properties of the heterojunction were investigated 
under both dark and illuminated conditions at room temperature. The photosensitivity of the photodetector 
was quantified by measuring its response to light in the spectral range of 300 to 900 nm, using a calibrated 
monochromator. The rise time of the n-Ag@WO₃/n-Si heterojunction photodetectors was determined using 
a 200 MHz storage oscilloscope and 100 ns laser pulses emitted by a diode laser operating at a wavelength of 
850 nm.
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Results and discussion
Fabricated high-performance Ag-WO3 core–shell heterostructures photodetectors by using two-step pulsed 
laser ablation in liquid PLA. This technique was used in this study as it is simple and cost-effective technique61–64. 
The optical, structural, morphological, and electrical characteristics of the Ag@WO3 mesoporous core–shell 
material have been presented in a previous study65–68. As shown in Fig. 2, the energy band diagram of the Ag@
WO3 nanocomposite is depicted under illumination. When exposed to light with photon energy hvhvhv, WO3 
undergoes electron excitation from the valence band to the conduction band. Some of these electrons become 
trapped at defect levels (DL). Electrons in Ag nanoparticles (NPs) acquire greater kinetic energy due to electron 
transfer from the defect levels in WO3. The transfer of these electrons from the conduction band of WO3 to 
the localized surface plasmon level in Ag NPs69–72 is responsible for the photodetector’s increased current. The 
interfaces of Ag-WO3 nanoparticles heterostructures have an important influence on the separation and charge 
transfer mechanisms73,74. This is caused by the Ag nanoparticle which acts as a localized surface plasmon. The 
separation process relates the combination of electromagnetic waves to electron oscillations75,76. Figure 2 also 
shows that the mechanism decreases the band gap in the core shell structure. The tailored band gap allows for 
more interaction with visible light in core shell heterostructures (CSNH) compared to controlled WO3. The 
CSNH shows potential as a photocatalyst due to its capability to adjust the band gap characteristics.

To calculate the depletion width W we need to determine the built in potential Vbi77–79.

	 Vib = 1 + KBT/q ln(((Nd Na))/(ni2))� (1)

NA ≫ ND Thus: (Na + Nd)/(Na Nd) ∼= 1/Nd
To estimate the depletion layer width W the following formula has been used80,81:

	 W ∼=
√
((2εs Vbi)/(q Nd))� (2)

Fig. 1.  Cross-sectional view of heterohunction photodetector a- constructed devce n- Ag@WO3 / Si , b) SEM 
Image of the active layer Ag@WO3, c) TEM image of the active layer Ag@WO3.
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where: W = depletion layer, Vbi = built in potential in volts, Nd = n-type donor atom concentrations, Na = p-type 
acceptor atom, n = concentration of electrons, Kt/q = thermal voltage, T = temperature in Kelvin, q = charge 
in coulombs. The obtained value found to be about 76.48 nm which represent the depletion region width at 
equilibrium, where it value has to change under reverse bias82–84.

The Hall Effect measurement results indicate that the produced Ag-WO3 NPs layer exhibits n-type conductivity. 
Table 1 presents the electrical resistivity and mobility values of Ag-WO3 NPs. The high mobility may be related to 
the strong localized surface Plasmon resonance (LSPR) exhibited by Ag nanoparticle, which enhances the local 
electromagnetic fields. This enhancement may improve the charge carrier generation and separation efficiency 
in the WO₃ shell, leading to increased mobility.

Figure  3 illustrates the current–voltage (I-V) characteristics of the n-Ag-WO₃ NPs/n-Si heterojunction, 
subjected to a biasing range of (-5 to 5) V. These characteristics were obtained using pulse laser ablation at 
an Ag concentration of 1.6 µg/ml. Under forward bias, the current shows exponential growth with increasing 
voltage. Conversely, under reverse bias, the current also increases with voltage; however, no saturation or 
sharp breakdown was observed due to the dominance of edge leakage current at the contact periphery and 
additional carrier generation in the depletion region. The illustration demonstrates that the heterojunctions have 
rectification features. These photodetectors exhibit two distinct regions when a forward current is applied. In the 
initial area, when a low voltage is applied, a little current is generated by the photodetectors, which is referred 
to as recombination current. The generation of this current occurs when an electron, which has been stimulated 
from the valence band to the conduction band, recombines with a hole in the valence band to restore balance85.

The second region is characterized by the presence of forward current, which is referred to as the diffusion 
current. In this region, the current exponentially increases when the bias voltage potential exceeds the potential 
barriers. This bias voltage provides sufficient energy for electrons to overcome the barrier height and move 
forward. Figure  3 presents and illustrates the current–voltage (I-V) characteristics of the n-Ag-WO₃/n-Si 
heterojunction at room temperature. Measurements were taken in both forward and reverse directions, with a 
bias voltage ranging from -5 V to + 5 V. The heterojunction was tested under varying illumination conditions. 
The rectification ratio depends on the illumination conditions at 4.5 V. The figure can also show that the forward 
currents in all heterojunctions increase with applied bias voltage. Further, when the light intensity increases, 
this can result in higher forward currents, which can be attributed to reduced Ag-WO₃ resistance. The turn-on 
voltage ranges from 3.5 to 4.5 V, depending on illumination. Non-ohmic contacts are indicated by nonlinear I-V 
curves. The devices exhibited higher photocurrent (I_Photo) values across all illumination conditions compared 
to dark current (I_Dark) values at all bias voltages. Incorporation of silver (Ag) nanoparticles (NPs) resulted in 
enhanced device photostability.

Ag-concentration (µg/ ml) Mobility (cm2 V-1 s-1)*103 Electrical resistivity (Ω cm)*104

1.6 1.25 6.71

Table 1.  Electrical resistivity and mobility of Ag-WO3 NPs.

 

Fig. 2.  Illuminated energy band tuning in n-Ag@WO3/n-Si heterojunction under reverse bias.
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The explanation for this discovery lies in the comparative band alignment analysis of WO₃ and Ag. The 
Fermi level of Ag (E_F = -4.7 eV) is positioned below the conduction band edge of WO₃. Electron transfer from 
the conduction band (CB) of WO₃ to the Fermi level (E_F) of Ag can occur effectively. All these can show that 
Ag nanoparticles (NPs) can act as electron reservoirs. This can be attributed to two reasons: (1) it can capture 
electrons which are generated during photoexcitation, and (2) it can reduce electron–hole recombination 
(thereby increasing exciton lifetime). Additionally, Ag NPs can efficiently transport electrons to the electrode. 
The presence of Ag NPs on the surface of WO₃ NPs reduces the accumulation of electrons at oxygen vacancy 
sites upon repeated exposure to light. This is because the energy level of Ag is near the conduction band (CB), 
while defect states typically lie deep within the band gap86,87.

The Ag-WO3/Si heterojunction acheived a rectification ratio of 1.718 at an illumination intensity of 26 mW/
cm2, which is the highest observed value. Figure 4 demonstrates that the rectification factor of the n-Ag-WO3/n-
Si HJ increases as the illumination level increases.

Figure 5 depicts the spectral responsivity curve of n-Ag-WO₃/n-Si heterojunction photodetectors at 26 mW/
cm2 and 3 bias voltages. The n-Ag-WO3/n-Si heterojunction exhibits a responsivity located at a wavelength of 
(350) nm, measuring approximately 0.032 AW-1. Second peak was seen at a wavelength of (490) nm, and the 
maximal responsivity was measured to be 0.026 A/W. The UV peak observed in the responsivity of Ag/WO₃ 
core–shell compared with the WO3/Si device could be attributed to many factors related to the unique optical 
properties of both the silver (Ag) core and the tungsten trioxide (WO₃) shell as a new composite system. Some 
of these factors are the strong localized surface Plasmon resonance exhibits by the silver nanoparticles (LSPR) in 
the Uv region. This LSPR occurs when the conduction electrons on the Ag surface of the resonate with incident 
light at specific wavelengths (the collective oscillation of electrons at the surface), leading to enhanced absorption 
and scattering of light. In addition, the (LSPR) of the silver core can couple with the excitonic transitions in the 
WO₃ shell. This plasmon exciton coupling can enhance the optical response in the UV region, this was shown 
previously in other work87–90.

Second peak was seen at a wavelength of (490) nm, and the maximal responsivity was measured to be 0.026 
A/W. The UV peak observed in the responsivity of Ag/WO₃ core–shell structures can be attributed to many 
factors related to the unique optical properties of both the silver (Ag) core and the tungsten trioxide (WO₃) shell 
as a new composite system. Some of these factors are the strong localized surface Plasmon resonance exhibits 
by the silver nanoparticles (LSPR) in the Uv region. This LSPR occurs when the conduction electrons on the Ag 
surface of the resonate with incident light at specific wavelengths (the collective oscillation of electrons at the 
surface), leading to enhanced absorption and scattering of light. In addition, the (LSPR) of the silver core can 
couple with the excitonic transitions in the WO₃ shell. This plasmon exciton coupling can enhance the optical 
response in the UV region; this was shown previously in other works87–90.

The photoexcited electrons are transferred from silver nanoparticles (Ag NPs) to tungsten trioxide 
(WO3), resulting in an enhancement of the charge-collecting efficiency. This may enhance the heterojunction 
photosensitivity91–93. Moreover, the inclusion of Ag NPs provides a substantial surface area, resulting in a 
considerable increase in the absorption coefficient of WO3 (thus enhancing light trapping) and improving 
the shape of WO3 NPs94,95. Thus, the results demonstrate that core–shell heterostructures with type II band 

Fig. 3.  Current–voltage characteristics of the photodetector under various illumination conditions.
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alignment can be effectively constructed at the n-type Ag core-WO₃ shell/n-type Si interface. This process has 
shown that it enhanced the performance of photodetectors. This can reflect the potential of Ag-WO₃ core–shell 
nanocomposites as promising materials for the development of highly compact photodetector devices in the 
future.

To determine the specific detectivity D* of the photodetector, the subsequent equation was applied96–98:

Fig. 5.  Photo-responsivity of the photodetector that was created, measured at an intensity of 26 mW/cm2 and 
with a bias of 3 V.

 

Fig. 4.  The variations in the rectification factor as a function of illumination for n-Ag-WO3/n-Si 
photodetector.
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D∗ =

Rλ (AD∆f )

In

The sensitive area of the photodetector is denoted as ADA_DAD​, the bandwidth as Δf\Delta fΔf, and the noise 
current as InI_nIn. Figure 6 illustrates the specific detectivity of n-Ag-WO₃/n-Si heterojunctions under 26 mW/
cm2 and 3 bias conditions. For the n-Ag-WO₃/n-Si device, the detectivity values at wavelengths of 350  nm 
and 490 nm are 35 × 1013 Jones and 28 × 1013 Jones, respectively. The specific detectivity of the photodetector 
depends on both responsivity and noise current. Ag-WO₃/Si photodetectors show optimal specific detectivity 
at UV and visible wavelengths comparable to or better than that of pn silicon photodiodes and broad bandgap 
heterojunction-based silicon photodetectors99–101.

In this study, the external quantum efficiency (EQE) was determined by calculating its dependence on the 
wavelength of the photodetector. Figure 7 displays the external quantum efficiency (EQE) of the heterojunction 
(HJ) photodetectors. The synthesized photodetector exhibited a peak external quantum efficiency (EQE) of 
approximately 11.5% at a wavelength of 350 nm and approximately 6.8% at a wavelength of 490 nm. These results 
are attributed to the generation of electron–hole pairs for each incoming photon102–105.

The response-recovery time of photocurrent is a crucial characteristic for investigating the operational 
mechanism of photodetectors. This measurement not only provides insight into the time required to reach a 
steady-state condition but also reveals transient-state phenomena, such as carrier trapping during on-and-off 
cycles. Transient short-circuit photocurrent measurements were used to investigate the ascent and descent 
transient responses. Figure 8 displays the transient photocurrent responses of n-Ag-WO₃/n-Si devices when 
exposed to a square pulse of light lasting 1 ms. The rise and fall times of the devices were determined based 
on the duration required to transition from 10 to 90% of the complete response and from 90 to 10% of the 
full response, respectively106–108. The n-Ag-WO₃/n-Si devices exhibit rapid on/off dynamics, with a rise time of 
0.32 s and a fall time of 0.33 s.

Figure 9 demonstrates the time dependence of the photo response at a 3 V bias of an n-Ag-WO3/n-Si-based 
photodetector under illumination at 26 mW/cm2. It shows a rise and decay time of 15 s for illumination and a 
photocurrent gain of 9 µA. The primary requirements for a photodetector to be quick and stable are two. The first 
one involves the enhancement of the lifetime of the exciton pair. This can be done by fully separating the electron 
(e-) and hole (h +) components. The second one is the rapid recombination of the electron–hole pair in the 
absence of external factors. The first element enhances the photocurrent gain, while the second factor reduces 
the reaction time. Both of these two requirements can result in the improvement of the speed of the device. 
The Ag-WO3/Si photodetector demonstrates remarkable photo responsive reversibility and stability, consistently 
generating a stable photocurrent.

The dominant localized surface plasmon resonance (LSPR) band of Ag NPs enhances the absorption efficiency 
of visible light in the heterostructure. Additionally, the epitaxial interface between the metal and semiconductor 
facilitates efficient charge transfer from the semiconductor to the metal. Furthermore, the coupling between 

Fig. 6.  Photodetectivity of the prepared photodetector at 26 mW/cm2 and 3 bias.
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Fig. 8.  Displays the response and recovery time of the fabricated photo detector.

 

Fig. 7.  The external quantum efficiency of the photodetector at 26 mW/cm2 and 3 bias.
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plasmons in metals and plasmons in semiconductors potentially enhances the absorption efficiency in the 
near-infrared (NIR) region. The photoexcited electrons are transferred from silver nanoparticles (Ag NPs) to 
tungsten trioxide (WO3), resulting in an enhancement of the charge-collecting efficiency. This may enhance the 
heterojunction photosensitivity. Moreover, the inclusion of Ag NPs provides a substantial surface area, resulting 
in a considerable increase in the absorption coefficient of WO3 (thus enhancing light trapping) and improving 
the shape of WO3 NPs as shown in other work91–94.

The study also demonstrated that the photocurrent increases when the n-Ag-WO3/n-Si heterojunction is 
illuminated due to its radial core–shell architecture, which creates a type II band alignment. This alignment 
reduces the recombination of photogenerated charges and enhances the efficiency of collecting photogenerated 
charge carriers109–111. Figure 10 illustrates the time-dependent photo response of a photodetector based on an 
n-Ag-WO3/n-Si heterojunction. The photodetector was biased at 3 V and illuminated at intensities of (2, 4, 6, 
8, 10) mW/cm2. The observed enhancements in photocurrent gain, rise, and decay duration can be attributed 
to the enhanced geometry of the Ag-WO3 core–shell nanocomposite, where the Ag core and WO3 shell are in 
direct contact. Additionally, an increase in the photocurrent over time was noted under light exposure. This can 
be related to the effect of heating caused by illumination.

Figure 11 depicts the relationship between the intensity of white light and the photocurrent of the n-Ag-
WO3/n-Si device at a bias of 3 V and 26 mW/cm2. The photocurrent of n-Ag-WO3/n-Si devices exhibited a 
positive correlation with the incoming light intensity. This can suggest that the n-Ag-WO3/n-Si junction has 
the potential to function as a photo detector. As the samples were exposed to different levels of light intensity, 
the resistance of all samples decreased. This can be attributed to the generation of more electron hole-pairs. The 
study also revealed that the incorporation of silver nanoparticles (Ag NPs) enhances the photocurrent of the 
photodetector by promoting the formation of electron–hole (e–h) pairs. This indicates that the resulting n-Ag-
WO3/n-Si photodetectors exhibit strong linearity properties (dynamic range).

The performance characteristics of our device are presented in Table 2. They are also compared with various 
photodetectors (PDs) reported in previous studies operating within a wide band gap. From the comparison 
presented in Table 2, it is evident that our core–shell Ag@WO3 NPs-based device demonstrates exceptional 
performance, characterized by a wide band gap and ultrafast photo response.

Conclusion
This study has made a significant contribution as it presented a device of n-Ag-WO3/n-Si photodetector. 
Specifically, we produced a sensitive and rapid n-Ag-WO3/n-Si photodetector for detecting light signals using 
Ag-modified WO3 NPs. The fabricated n-Ag-WO3/n-Si heterojunction photodetectors exhibit excellent UV 
and visible sensitivity. The current–voltage properties shows that heterojunctions may rectify, with a maximum 
rectification factor of 1.71 at 5 V bias. Photodetectors have ultraviolet and visible response peaks. These response 
peaks correspond to Ag@WO3 NPS absorption edges. The detectivity values for 350 and 490 nm were 35 × 1013 
Jones and 28 × 1013 Jones, respectively. The n-Ag-WO3/ n-Si photodetector has a maximum UV EQE of 11.5% 
at 3 V voltage and 350 nm (6 mW/cm2) light. Rapid switching is shown in n-Ag-WO3/n-Si devices. The devices 
rise and descend in 0.32 and 0.33 s, respectively. At 3 V bias, an n-Ag-WO3/n-Si photodetector shows its time-

Fig. 9.  The time-resolved properties of the photodetector.
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dependent light response under 26 mW/cm2 illumination. The light rises and decays in 15 s, with a photocurrent 
increase of 9 µA.

The photocurrent of n-Ag-WO3/n-Si devices correlated positively with the intensity of the incoming light, 
indicating their potential operation as photodetectors. The results showed that the photodetector performance 
was enhanced by the formation of core–shell heterostructures with a type II band alignment at the n-type 

Fig. 11.  Linear dynamic range of the photodetector at 26 mW/cm2 and 3 bias.

 

Fig. 10.  Illumination power dependence characteristics of the photodetector.
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Ag core—WO3 shell—n-type Si interface. The Ag-WO3 core–shell nanocomposite shows significant promise 
as a material for the future development of highly compact photodetector systems. To fabricate high-speed 
photodetectors, flexible UV/visible photodetectors, and achieve maximum photocatalytic activity using 
heterostructures, crucial factors have been identified: metal plasmon-semiconductor exciton coupling, primary 
absorption of plasmons by metal nanoparticles, and the formation of an epitaxial interface.
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