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1. INTRODUCTION 

Photodetectors are essentially semiconductor devices that are 
based on the conversion of incident optical signals into 

electrical signals (photocurrent). The photodetection of the 

optical signals across a fraction of the electromagnetic (EM) 

spectrum is typically defined according to the material 
properties. The significance of the ultraviolet (UV) 

photodetector is rooted in its application in a variety of areas 

that include bio-analysis, optical communication, space and 
military purpose. According to their different working 

mechanisms or device structures, photodetectors can be 

divided into several groups, such as photoconductive, 

Schottky barrier, p-n junction, p-i-n junction, phototransistor, 
and metal-semiconductor-metal (MSM) photodetectors. With 

regard the photodetector device configuration, the simple and 

economical production of MSM photodetectors that consist 
of two interdigitated Schottky electrode contacts on their 

planar semiconductor surfaces has garnered considerable 

interest because of their low dark currents, low noise, rapid 
response, and absence of dopants. This explains the recent  

 

 

 

Proliferation of wide bandgap metal oxides and their devices. 
Metal oxides such as ZnO, TiO2 , SnO2 , NiO, Ga2O3 , and 

Sb2O3 have been investigated for application in high-

performance UV photodetection. Antimony trioxide (Sb2O3), 
a vital wide band gap semiconductor, can be potentially 

applied as an optical material, functional filler, catalyst, and 

highly efficient fire-resistant synergist in the manufacture of 

adhesives, plastics and paints. In addition to its band gap 
(3.35 eV), the facile synthesis of Sb2O3 material with diverse 

morphologies is an additional benefit, like high-efficiency 

solar energy conversion and gas-sensing performance. The 
properties of Sb2O3 depend on its chemical compositions, 

shapes and sizes. Recently, there has been more publications 

on the morphology-controlled production of complex Sb2O3 
nanomaterials with distinct morphologies using different 

approaches that include hydrothermal or solvothermal 

methods. The nanosheet morphology has shown to be an ideal 

2D material that is attributed to its relatively large surface area 
which offers sufficient active sites that can enhance the 

mobility of surface electrons. it exhibits exceptional 

applications in the areas of energy and the environment. 

Ultrathin antimony trioxide (Sb2O3) was synthesized on ITO substrate by a solvothermal method using 

ethanol as a solvent. The structure, morphological variations, and optical properties of the as-prepared 

sample were characterized. The results indicated that the homogeneously grown sheet of cubic phase 

of ultrathin Sb2O3 has an elliptical cross-section with a thickness of 20 nm and diameter of 400-500 nm. 

Further, an ultraviolet (UV) performance photodetector based on the (Au/Sb2O3/Au) was fabricated and 

examined. The measured Current-Voltage (IV) curves in the dark and under illumination (UV-395 nm) 

of different intensities indicate the presence of the Schottky barrier at the interfaces between Sb 2O3 

and Au-electrodes. Photocurrent values of 2.32, 16.5, and 25.58 μA were obtained for intensities of 4, 

8 and 12 mW/cm2, respectively at bias voltage of +3V, as compared to a dark current of 0.78μA. 

Sensitivity and responsivity values of 40.04 and 6.294W/A were recorded. The current-time (I-T) graph 

was utilized to derive the response and recovery times of the sensor under chopped UV-laser at different 

power intensities. The sensor exhibited fast response and recovery times of 113.6 ms and 67.2 ms, 

respectively, making this a high-performance sensor. This study demonstrates that ultrathin Sb2O3 

nanosheet can be very useful to develop simple and high-performance UV sensors in different 

commercial fields and industries in the future. 
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Few types of research have been done using Sb2O3 as a base of 
MSM UV-photodetector, such as Au/Sb2O3 nanobelt networks 

and Sb2O3/Ag/Sb2O3 multilayer. Herein, ultrathin Sb2O3 

nanosheets were successfully synthesized using a simple 
solvothermal synthesis technique. In this work the structure, 

morphology and optical properties were provided. Afterwards 

an (MSM) UV- photodetector synthesized based on Sb2O3 by 
deposition of Au electrode on its surface. The photoconductive 

applications of (Au/Sb2O3/Au) are featured by: fast response 

and decay time, high sensitivity, and excellent repeatability. 

2. Materials and Methods 

2.1. Sb2O3Nanosheet synthesis     

Antimony trichloride (SbCl3, Sigma-Aldrich, Assay 99.95%) 
was utilized as a source of the antimony with a molarity of 

0.01M, where 2.88 g of SbCl3 was dissolved in 100 ml ethanol. 

Few drops of NHO3 were added to the solvent to adjust the pH 
value to (8-9) of the solution. The mixture was stirred under 

ambient conditions by means of a magnetic stirrer for 20 min. 

Then, 75 ml of the mix solution was transferred into a 100 ml 

Teflon-lined stainless-steel autoclave that contains the substrate 
i.e. indium tin oxide (ITO) (Zhuhai kaivoelectronic company 

Co., Ltd, surface resistance ˂15Ω/□ and transmittance ˃ 85%). 

The substrate was washed with double distilled water and was 
immersed in a solution containing 10% HCl and 90% water for 

1 min. After that, the substrate was cleaned with double distilled 

water. The ITO was placed next to the Teflon-lined wall and 

then immersed in the solution. The airtight autoclave was placed 
inside an electric oven at 180 °C for 6 h and gradually cooled to 

room temperature, the film was washed with deionized water 

and pure alcohol several times and dried after that at 60 °C for 
2 h. 

 

2.2. Characterization techniques  

The crystal structure and morphological variations of the as 

prepared Sb2O3 deposited on ITO substrate were 

characterized. The crystallinity and phase purity of the 

samples were investigated using 2θ range of 10-80° using X-
ray diffractometer (XRD) (Burker D8 advance) with Cu-kα 

radiation (λ = 1.54178 Å). Morphological variations and 

elemental compositions of the samples were studied using 
Field-emission scanning electron microscopy (FESEM). Ultra 

violet-visible-near infrared spectrophotometer (UV-VIS-NIR) 

(Cary 5000) was utilized to determine the optical properties of 
the synthesized Sb2O3 nanosheet in the reflection spectra range 

of 200-1000 nm. Electrical contacts are made using the 

thermal evaporation coating system type (JEE-4B/4C). The 

metal Au was deposited on the front Sb2O3 films through the 
mask consisting of an interdigitated electrode with five 

fingers. The Au metal was deposited on the front side of Sb2O3 

that grows on ITO, where the current flows laterally through 
the contacts. The schematic diagram of Au/Sb2O3 

nanosheet/Au configuration and the experimental setup is 

shown in Fig.1. 

 

In order to characterize the prepared UV-photodetector, an 

experiment was setup, as shown schematically in Fig.1, to 

obtain dark and illuminated I-V curves for different UV 
intensities. The set-up consists of the light illumination source 

UV- LED laser with wavelength 395 nm and different 

intensities (4, 8, 12 mW/cm2) mounted at 20 cm above the 

sample. The laser beam was chopped by a fan to derive an 

on/off light reference. Based on the measured I-V curves, the 

sensitivity, responsivity, response (rise), and recovery (fall) 
time of the sensor were derived by connecting to one of the two 

sub-parts (a) or (b), 

 

Connection to the sub-part (a);  

This section covers the measurement of current voltage (I-V), 

where the device is directly connected to a picometer voltage 
source (model: Keithley 6487). The procedure begins with 

measuring the I-V curves at dark and under light (with 

illumination) at room temperature when the fan is 

disconnected.  

Connection to the sub-part (b); 

This part measures the response (rise) and the recovery (fall) 

time of the photodetector. The voltage of the sampling 
resistor, which is reflective of photocurrent change in the 

Fig. 1 Electric circuit for measurement dark and light I-V of 

Au/Sb2O3 /Au device 

Fig. 2 XRD pattern of Sb2O3 nanosheet deposited on ITO substrate 

by solvothermal method. 
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detector, was constantly recorded using a computerized 
oscillograph (Tektronix TDS 5104). The obtained signals 

were subsequently converted to achieve these sensitivity 

parameters (rise and fall times) of the sensor. In this part, 
both the light source and fan were turned “on” and the 

differences in output current signals versus time (I-t) at bias 

voltage of +5 V were measured at room temperature under 
illumination. 

3. Results and discussion 

3.1 Morphology and structures analysis  

Fig. 2 illustrates the XRD pattern of as prepared Sb2O3 

growth over ITO substrate. The diffraction peak at 2 of 
(27.66 o) corresponds to the (222) plane. The other two peaks 

at 2 of (13.69 o, 35.16 o) barely rise out of the noise 
background, but also match the standard cubic Sb2O3 pattern 

which corresponds to the (311) and (331) planes, 
respectively. These diffraction peaks are  

characteristic of Sb2O3, as they match well with those of the 

standard cubic Sb2O3 pattern (ICSD-: 01-072-1854). The 
high intensity and distinct XRD peak of (222) plane indicate 

well crystallization of the as-synthesized product. In 

addition, four other weak peaks at 21.18 o, 30.12 o, 50.43 o, 

and, 65.10 o which are assigned to the (211), (222), (440), 
and (543) planes, respectively, match with the cubic ITO 

substrate (ICSD-: 01-089-4597). The characteristic peaks of 

metallic Sb or any other phases were indiscernible. 

 

Fig. 3 shows different magnifications of the top view 

FESEM images of Sb2O3 nanosheets grown on the ITO 

substrate. The FESEM images were analyzed.  

It was observed that an assembly of needle like structure or 

platelet like structures grew homogenously on ITO surface. The 

dimensions of needle or platelet like structures have been 

measured by using scanning probe image processing (SPIP) 
software. The average thickness of (20) nm and elliptical cross 

section diameter of (400-500) nm was recorded. The array 

of novel morphologies of Sb2O3 crystals comprises nanosheets, 
nanorods, nanowires, nanobelts, belt-like, flower-like, bundle-

like and cubic-like, hollows spindle-like/cobble, stone-like, and 

microspheres Sb2O3. 

The EDX spectrum of the Sb2O3 growth on ITO is depicted 
in Fig. 4. The EDX confirms the Sb and O elements. Atomic 

percentages of Sb and O are 14.6 and 62.41. In addition, 

Indium (In), Silicon (Si) and the high value of oxygen (O) 
were resulted from substrate compound of (ITO and Glass), 

in addition to that presents in Sb2O3 nanosheet. The results  

of structure, morphology, EDX and XRD indicate that Sb2O3 
could be growth very thin in the range of nanoscale on the 

ITO substrate. 

 

 

 

3.2 Optical analysis  

UV-VIS-NIR was used to obtain the reflection (diffusion) 

spectra of Sb2O3 nanosheet in the range (200-1000) nm, 

as shown in Fig. 5.  

 

The Kubelka-Munk relation was utilized to match the 

reflectance data with the absorption coefficient. This relation 

relates the reflectance data to the absorption coefficient based 

on the following equation: 

F(R) =
α

s
=

(1−R)2

2R
 ……..    (1) 

where F(R), R, α and s denote the Kubelka-Munk function, 
reflectance, absorption coefficient and scattering factor, 

respectively.  

The modified Kubelka–Munk function can be derived from 

the multiplication of F(R) and hν using the corresponding 
coefficient (n) which can be related to an electronic transition 

according to: 

F(R). hv= k(hv− Eg)n   ………(2) 

where k and Eg represent energy-independent constant and 

optical energy gap, respectively. The exponent n is dependent 

on the type of transition. The n values of 1/2 and 2 are for 

Fig. 4. EDX spectrum of the Sb2O3 nanosheet/ITO. The inset 

table illustrated the atomic % of elements. 

Fig. 3 Top view FESEM images with different magnifications for 

Sb2O3 nanosheet growth on ITO substrate. 
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direct and indirect allowed transitions, respectively. 

The bandgap energy was derived from the plot of (F(R). hν)n 

versus hν by extrapolating the linear region of the gradient 

to F(R) → 0  

As inferred from the UV-Vis-NIR transmission spectrum, 

the bulk Sb2O3 phase has an indirect energy bandgap of 3.30 

eV. Fig. 5 shows the diffuse reflectance I spectra of the 
Sb2O3 nanosheet grown on ITO. The spectra display 

relatively low reflection (high absorption) at 330 nm, and a 

high reflection (weak absorption) around 420 nm indicates a 

high light scattering. The inset in Fig. 5 shows the plots for 
the derivation of Eg according to relation (2). The direct Eg 

for the ultrathin Sb2O3 nanosheets is 3.6 eV. Due to its 

average thickness of 20 nm and elliptical cross-section 
diameter of 400-500 nm. This Eg differs significantly from 

that of the bulk phase. Similar results were reported by Z. 

Deng et al., in their study of the photoluminescence of 

rectangular Sb2O3 nanowires. The Eg of the Sb2O3 ultra-thin 
nanosheet prepared in this study is close to that of ZnO, 

which supports its potential application in the manufacture 

of optical and electronic nanodevices, like photodiodes, 
light-emitting diodes, solar cells, catalysts, flame retardants, 

chemical sensors, etc. 

 

3.3 Photodetection analysis 

As the illumination photon energy exceeds the energy band 

gap (3.6 eV) of Sb2O3 nanosheet, electron-hole pairs are 

produced. One type of carrier is usually trapped at or near 
the surface region, while the other type is dispelled by the 

applied bias and accumulated at the electrode, which 

explains the enhanced conductivity under illumination. In 
addition, the usual division of carrier types has a tendency to 

boost their life span, resulting in enhanced photodetection 

performance of the Sb2O3. 

Photodetection properties were investigated by measuring 

(I-V) curves using the system shown in Fig.1. Fig. 6 shows 

I-V curves of (Au/Sb2O3 nanosheet/Au) device measured 

under a UV-LED (395 nm) and in the dark. These curves 
were obtained under different UV  

 

 

intensities (4, 8, and 12 W.m−2) at the bias voltage range of (-

5V to +5V). The dark current is 0.78 μA, whereas the 
photocurrent values are 2.32, 16.5, and 25.58 μA for UV 

intensities of 4, 8, and 12 mW/cm2, respectively, at a bias 

voltage of +3V. The photo-excited current is (~3 - 30) times 
higher than the dark current. Moreover, the nonlinear I-V 

curve indicates that Schottky barriers exist at the interfaces 

between the photodetector surfaces (Sb2O3 nanosheet) and 

the electrodes since the current passes laterally through the 
device. No transition from the Schottky barrier to ohmic 

contact characteristics was observed,  

The sensitivity (S) and responsivity () of the photodetector 
were obtained from I-V curves, where sensitivity is measured 

using the following equation: 

S=Iph/Idark ,  ………..   (3)    

where, Iph= Ilight-Idark. 

Fig. 7 (a) shows the forward and reverse bias photosensitivity 
for Au/Sb2O3/Au device with bias voltages in the range of -5 

to +5 V at different intensities of incident UV light (4, 8, 12) 

mW/cm2. As observed in Fig. 7 (a), the photosensitivity of 
the MSM device increases with light intensity for both 

forward and reverse biased voltages. The maximum 

sensitivity was found to be 40.04 at bias voltage of +4 V. The 

sensitivity decreases beyond this value for forward bias 
voltage. This is attributable to increase in dark current with 
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the applied voltage, which can be due to the narrow Schottky 
barrier width that creates a significant tunneling current, thus 

decreasing the sensitivity. 

 

On the other hand, responsivity () is a key factor that is 

typically detailed by the company that manufactures the 
photodetector, because it determines the quantum efficiency 

of the detector which in turn is considered as one of the 

photodetector figures of merit, through the equation: 

դ = R.hv /q ……. (4) 

where դ, , 𝑣 𝑎𝑛𝑑 𝑞 are efficiency, plank’s constant, frequency 

of incident light, and electron charge. 

Responsivity () is defined as the ratio of output current to 

optical power input.  measures the efficiency of the detector 
in converting EM radiation to electrical current. It depends on 
temperature, wavelength, and bias voltage. This is the most 

important characteristic when considering the bias of the 

detector.  can be expressed as; 

 =
Iph

Pop
    …..……..     (4) 

where Pop is the absorbed power by (active material). 

Fig. 7 (b) shows the responsivity of the MSM device at 

different UV intensities (4, 8, 12) mW/cm2 with bias voltage 

in the range of (-5 to +5) V. The device exhibited a higher 
responsivity (in forwarding bias) and increased while 

increasing the bias voltage. This may be due to the steady 

increase of the photocurrent. Because beyond the potential 

barrier, the higher voltage reduces the barrier and enhances 
the flow of electrons, resulting in higher responsivity. These 

phenomena are affected also by types of substrates as well as 

electrodes. However, when a negative voltage was applied to 
Au, the Au/Sb2O3 reverse junction dominated the behavior of 

the Sb2O3 MSM detector. Since Au has a high work function, 

there will be no obvious net charge associated with trapped 

holes, and hence no reduction in the Schottky barrier height 
at the Au/ Sb2O3 interface, leading to the lower responsivity 

as shown in Fig. 7b. Measurements of the present work 

indicate that Au/Ultrathin Sb2O3/Au have a relatively low 
responsivity compared to other Schottky barrier UV detectors 

as shown in table (1). The device showed maximum value of 

responsivity of approximately 6 with a 5V bias. Table (I) 
shows the calculated sensitivity and responsivity for 

Au/Sb2O3/Au photodetectors illuminate with different 

intensity of UV-395 nm and at different bias voltages, as well 

as results of other similar works. 

 

3.4-Response time analysis 

The key determining parameters of the performance of a 
photodetector or light sensor are response speed and 

repeatability [40]. And it considered as an important Figure 

of Merit of UV detectors. As illustrated in Fig. 1, part (b) of 
the system is used for current-time (I-t) measurements to 

calculate repeatability and response of Au/Sb2O3/Au photo 

sensor. Across a number of cycles of switching the light 

source ‘on’ and ‘off’, the device (Figure 8) displayed 
excellent stability under different UV intensities (4, 8, 12) 

mW/cm2 measured at dc bias voltage of +5 V.  

The response time is the requisite time for the photocurrent to 
rise from 10% to 90% of I peak (peak photocurrent). The 
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recovery time is similarly defined. The output current-time 
signals observed in Fig. 8 were utilized for the determination of 

response and recovery times under ambient environment. The 

calculated responsivity and sensitivity values are presented in 
table (I). 

 

It is discernible that both rise and fall times decrease as the 
light intensity increases. Rise and fall times of 0.113 and 0.672 

msec, respectively, were recorded at 12mW/cm2. The rapid 

and reversible switching between the illumination being ‘on’ 
or ‘off’ is the figure of merit on which we depend on to 

consider the sensor as a high-performance UV-Photodetector, 

and confirms the potential application of these sensors in the 

manufacture of advanced photosensitive switches. Fig (8) also 
shows the minimum and maximum values of the photocurrent 

versus time at intensities of (4, 8, 12) mW/Cm2, wavelength 

of 395 nm, and 5-volt bias operation. Neglecting the current 
distortion (noise), the minimum values of photocurrent agree 

with the results of fig. (6). This means that the chopper did not 

totally block the light from the source, when it is in a closed 
state. As for higher values of the photocurrent, which seem to 

be equal when the chopper is in the open state. Two 

phenomena can be observed, first, an increase in the value of 

the photocurrent, which usually results from an increase in 
light power.his may happen as a result of the constructive 

interference of direct incident light and the light incident 

through the slit hole of the chopper. Second, the photocurrent 
of the detector has reached a saturated state, which means that 

the incident power exceeds a certain limit that the photo-

generated charge density approaches a certain device-specific 
value cause to reduce the photodiode’s internal potential, so 

the photodiode response becomes saturated. The above two 

phenomena need a deeper study and will be the subject of our 

next research. 

The measured sensor parameters of the (Au/Sb2O3/Au) based 

on fabricated UV MSM photodetector compared with other 
reported data for different MSM structures are summarized in 

Table (I). It can be deduced that the device produced in this 

study demonstrates a relatively good sensitivity and 
responsivity with fast response and recovery time. These 

significant results could be attributed to two factors. Firstly, the 

high value of surface to volume ratio of ultrathin Sb2O3 
nanosheet helps to increase the absorption of light inside the 

film, thus improving the generation of photocurrent. Secondly, 

the interdigitated Schottky contact of Au with Sb2O3 provides 

a significant barrier height that results in small leakage current 
and high breakdown voltage, which, in turn, could improve the 

responsivity and photocurrent to dark current contrast ratio. 

These phenomena explain the high-performance of MSM UV 
photodiodes. These results demonstrate that the fabricated 

Au/Sb2O3/Au device is very sensitive to UV-light. 

 

Conclusion 

In Conclusion, a fast response and recovery times of 113.6 ms 

and 67.2 ms, considerable sensitivity and responsitivity, and high 
on/off ratio toward light at intensities of 12mW/cm2, wave length 

region of 395nm and 5 Volt bias operation was realized by using 

a Schottky barrier Au/Sb2O3 Ultrathin Nanosheet/Au MSM UV 
detector which fabricated successfully by solvothermal 

technology using ethanol as a solvent. The rapid and reversible 

switching between the illumination being ‘on’ or ‘off’ confirms 

the potential application of these sensors in the manufacture of 
advanced photosensitive switches. Therefore, this study supports 

a passage for design of high sense Au/Sb2O3/Au UV detector. It 

was also concluded that the responsivity varied with the polarity 
of the applied voltage; a higher responsivity was obtained when 

a positive voltage was applied at the Au/Sb2O3 contact. 
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