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Abstract 

Using a chemical spray technique, an n-type WO3 polycrystalline thin 
film was prepared with optimizing parameters (molarity concentration 
of 80 mM and a substrate temperature of 350 °C). Study the physical 
properties of WO3 thin film via UV-Visible spectroscopy, XRD, Field 
Emission-Scanning Electron Microscope, Energy Dispersive X-ray 
Spectroscopy, Atomic Force Microscopy, and current-voltage. 
Tungsten oxide was deposited on glass surfaces at different molarities 
ranging from 50–90mM. In the UV-Visible spectrum of the WO3 thin 

film, it was found that the transmittance, reflectivity, and energy gap 
decreased (78%–53%), (9.63%–5.02%), and (3.40eV–2.63 eV), 
respectively. The X-ray diffraction of the WO3 film at the optimized 
was poly-crystalline and had a monoclinic phase, and the preferred 
orientation (hkl) was 200 at 2 = 24.19. From the image FESEM and 
EDX, it was found that it has a multi-fibrous network. The average 
diameter of the fiber is 266 nm, and the ratio of tungsten to oxygen 

(W/O) is 2.6, with a stoichiometric of 68.6% at the 80 mM 
concentration. The Atomic Force Microscopy shows that the WO3 thin 
layer has a nanostructure. The average surface roughness was 5.3 nm, 
and the Root Mean Square was 8.6 nm. The WO3 film had the lowest 

resistivity value of 2.393 × 108 cm, and the activation energy was 

0.298 eV, among the parameter of the current voltage at substrate 
temperature and concentration optimum. 

  
DOI: 10.53293/jasn.2022.4715.1139, Department of Applied Sciences, University of Technology 

This is an open access article under the CC BY 4.0 License.  
 
1. Introduction 

Because of its high operational stability, broadband gap, charge carrier repression ability, and environmental 
durability, transition metal oxide (TMO) is now the most appealing choice for deployment in the microelectronic 
device sector [1-4]. Tungsten trioxide (WO3) is a multi-functional material with several unique features, 
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including sharp phase transitions, higher UV–Vis light absorption, high crystallinity, and effective surface 
structures. WO3 is a significant component of an n-type semiconductor that has been extensively explored in 
thin-film form for advanced technological applications. WO3 films come in a variety of polymorphs depending 

on the preparation method: monoclinic (γ-WO3), orthorhombic (β-WO3), tetragonal (α-WO3), triclinic (δ-WO3), 
and hexagonal (h-WO3). The optical, electrical, and sensing characteristics of all these phases are excellent [5]. 
The recent finding of potential uses in organic light-emitting diodes has revived interest in tungsten oxide WO3 
thin films [6]. It has organic photovoltaic devices [7], super hydrophilic [8], photocatalysis [9], electrochromic 
devices [10], gaschromic [11], photocatalytic [12], and photoluminescence (PL) properties [13]. It can be used in 
fuel cell applications [14], gas sensors [15], and other applications. Because of its large surface-to-volume ratio, 
WO3 can be easily manufactured in a thin film to create unique physical and chemical properties. There is a large 
amount of transparency and good transmission capabilities in the visible area. Thin-film WO3 has already been 

used in the next generation of products, such as clever windows [16], eyewear, anti-distracting rear view mirrors 
for cars [17], and electronic noses [4], in addition to non-emitting displays. However, WO3 nanoparticles have 
been intelligently engineered and produced in various forms. Based on the flaws listed above, WO3 nanoparticles 
with high dispersity and ultra-small diameters could increase the performance of nanoparticle-based sensors. Li 
et al. [18]. Produced highly dispersible WO3 nanoparticles with diameters ranging from 10 to 50 nm and 
discovered that the constructed sensor performed well. Due to the extremely sensitive sensors, it demonstrated 
exceptional gas sensing capabilities. Adequate vacancy and efficient surface area. V.V. Ganbavle et al. [19]. 

Present their findings in this paper. The effect of solution concentration on the structural, optical, morphological, 
and electrical properties of the tungsten oxide film is studied. It was found that the films were polycrystalline 
and monoclinic in phase, which was similar to our research results. S. S. Shendage [20]. Furthermore, the 
synthesis of a porous fibrous network of WO3 thin films was found in the study to have an energy gap and 
activation energy greater than the values obtained in our work. In another study, P. T. K. Shanimugasudram et al 
[21]. The effect of concentration on the structural properties was observed by increasing the intensity of the 
peaks and increasing the electrical conductivity at optimum conditions. There was an improvement in our 

results. L. Sunasri et al [22]. They evaluated tungsten trioxide films where increased concentration increased 
thickness, consistent with our results. R.M. et al. [4] detailed evaluation of WO3-nanoplate can decrease the 
energy gap of the film, but the value obtained was much greater than our value. A variety of techniques have 
been used to create WO3 thin films, including thermal evaporation [23], laser deposition [24], Radio-frequency 
sputtering [25], Electron beam deposition or evaporation [26], Anodic oxidation [27], sol-gel [28], hydrothermal 
[29, 30], spray pyrolysis [31], as well as others. In this study, the spray pyrolysis technique was used for the 
preparation of the film because it is an easy, effective, and non-vacuum coating approach that enables the 
creation of huge areas of thin films at a low cost. Electronic and optoelectronic applications in various devices 

require certain precursor conditions. These qualities, such as nanoscale geometry, are significantly controlled by 
the particle size and form of the nanostructures. Hence, any technological application requires rigorous 
characterization, measurement, and knowledge of numerous physical parameters. Furthermore, the films exhibit 
varying nanostructure properties like grain size, grain boundary, the roughness of the surface, and so on, 
depending on the various methods and processing factors used, which affect the films' optical and electrical 
behaviour. 
 

2. Experimental Procedure 
Tungsten oxide thin films were prepared using tungsten acid H2WO4 (Merck- Germany) powder by chemical 
spraying technique on glass substrates with dimensions of 2 x 2 cm2. Further, 50mM, 60mm, 70mm, 80mm, and 
90mM of tungsten acid powder were dissolved in 50 ml of ammonium hydroxide solution (NH4OH) (Belgium) 
at 80 ͦ C on a hot plate with a magnetic sterile for 10 min until the form of the solution was clear as shown in the 
chemical reaction below [32]. 

𝑯𝟐𝑾𝑶𝟒+ 𝟐𝑵𝑯𝟒𝑶𝑯
𝟑𝟓𝟑𝑲
→   (𝑵𝑯𝟒)𝟐𝑾𝑶𝟒 +𝟐𝑯𝟐𝑶                     (1) 

(𝐍𝐇𝟒)𝟐𝐖𝐎𝟒
∆
→𝐖𝐎𝟑+ 𝟐𝐍𝐇𝟑 ↑ +𝐇𝟐𝐎 ↑                   (2) 

Ammonium tungstate ((NH4 )2WO4) was sprayed on glass substrates at 350°C to form tungsten oxide films. The 

distance between the spray nozzles and the substrates was fixed at 28.5 cm, and the compressed air was 1.72 bar 
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at a spray rate of 3 ml/min. The formation of tungsten oxide films is shown in the above chemical equation [32]. 
The optical characterization was obtained using UV-Visible spectroscopy (UV-1800, SHIMADZU) and 
Diffused Reflectance UV-VIS Spectrometer (Avalight-DH-S-BAL). The structural properties of tungsten oxide 

were analyzed using X-ray diffraction (SHIMADZU-6000, Japan) with wavelength 1.54060 Å(CuKa1). A 
surface morphology study was carried out using Field Emission Scanning Electron Microscope FESEM (Zeiss 
Sigma). Atomic force Microscopy (AFM-AA 3000 USA) was used to analyze the surface roughness of the WO3 
thin film. The electrical conductivity of the WO3 film was calculated using the Keithley source meter (model 
no.2400 USA). 

 
3. Results and Discussion 

3.1. UV-Visible Properties 

A UV-Visible spectrometer with a wavelength range of 250–1100 nm and a UV-Vis diffuse reflectance 
spectrometer were used to evaluate the optical characteristics of the WO3 thin films. Figure 1a shows the optical 
transmittance spectra of WO3 thin films sprayed on quartz substrate at different concentrations(a). The 
transmission spectrum of WO3 films demonstrates that when the precursor concentration (50-80) mM increases, 
the transmission decreases. Later, at 90mM, it climbed little (78%, 77%, 65%, 53%, and 62%), respectively, 
were the highest transmission rates. Because there were more W ions in the greater precursor molarity, the 

transmission reduced, resulting in a thicker layer [33, 46, 47]. We saw an increase in transmission when the 
solution concentration was increased to 90mM. This could be due to the film's thickness decreasing and the 
reduction in light dispersion in grain boundaries [ 48, 56]. Figure 1b shows the variations in optical absorbance 
of WO3 thin film at the various concentrations indicated above; at a wavelength of 250 nm, all the films have a 
strong absorption.  

Figure 1: (a) optical transmittance, (b) absorbance, (c) Reflectance, (d) Energy gap of WO3 thin films at 
variation molarity concentration. 
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The absorbance levels then steadily drop to 380 nm before stabilizing at longer wavelengths. While the molar 
concentration varied from 50 mM to 90mM of WO3, the optical absorbance of the films decreased up to 70 mM 
and then increased to 80 mM, which resulted from the increase in thickness of the film and grain boundaries 

[34]. The decrease in the optical absorbance with increasing the concentration to 90mM indicates a reduction in 
the thickness of the film. Also, because of the inverse relationship between transmittance and absorbance [35]. 
The characteristics of reflectance for WO3 thin films were evaluated by UV-Vis diffuse reflectance spectra 
(DRS), which show exceptionally low reflectance at wavelengths (380-480) nm, as shown in Figure 1c. By 
studying the optical and figure of merit of the films at different molar concentrations, it was found that the best 
concentration is 80mM. Figure 1b illustrates optical absorption for WO3 thin films formed at different molarity 
concentrations (50, 60, 70, 80, and 90mM), with each film having a strong absorption at 250 nm and 
subsequently decreasing towards longer wavelengths [4]. The absorption of WO3 thin films sprayed at 50–80 

mM solution concentrations increased with increasing g solution concentration, then reduced at 90mM. This is 
because the thickness has increased and decreased [33, 42, 43]. As the solution concentration rises, the thickness 
of the WO3 thin films and the number of particles grow [29, 44]. Extrapolation of the linear relationship 
among(αhυ)2 and hυ given in the equation is used to estimate the gap of Energy for WO3 thin films (8) [37]. 

 

(𝛂𝐡𝛎)𝟐 = 𝐀(𝐡𝛎− 𝐄𝐠)                                                  (3) 

 

The photon energy is hυ, the optical band gap is Eg, and the constant is A. The gap of energy (Eg) values is 
estimated from the plot of (αhυ)2 vs. the energy of photon hυ in Figure 1d, which shows the WO3 films' direct 
band gap energy. The energy band is determined by the linear part of the energy axis (Eg). Table 1 shows the 
expected values for Eg. As the molarity concentration increased to 80 mM, the band gap values of WO3 thin 
films decreased from 3.40 to 2.63 eV, then climbed to 2.82 eV, as displayed in Figure 1d, which is in good 

agreement with research [4, 20, 21]. The decrease in band gap energy was caused by a lattice defect that may 
create energy tails within the energy gap, shifting the Fermi level towards the conduction band [51]. 
Additionally, due to the films' increased crystallinity [52]. Additionally, strain fluctuations are responsible for 
the decreasing band gap. Strain influences the energy gap by altering semiconductors' interatomic spacing. [46]. 
Our findings matched those of the researchers [4,48]. However, once the molarity concentration was increased to 
90mM, the energy band gap rose, and this rise in poor gap energy may be attributed to a decrease in band tail 
width, which agreed with the study [50]. We estimated the significant optical characteristics such as coefficient 

of absorption(α), coefficient of extinction(k), optical conductivity(σopt), and refractive index(n) of the WO3 thin 
films via the relationships [53, 54], and the results are shown in Table 1. 

𝜶 =
𝒍𝒏
𝟏

𝑻

𝒕
                                       (4) 

𝒌 =
𝜶𝝀

𝟒𝝅
                                                              (5) 

𝝈𝒐𝒑𝑻 =
𝒏𝒄𝜶

𝟒𝝅
                                                                  (6) 

𝒏 =
𝟏+𝑹

𝟏−𝑹
±√

𝟒𝑹

(𝟏−𝑹)𝟐
−𝑲𝟐                                                     (7) 
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Where α is the absorption coefficient, n is the refractive index, c is the light velocity, R is the reflectance, T is 
the transmittance, t is the film thickness, and K is the extinction coefficient. The optical characteristics of the 

coefficient of absorption, extinction coefficient, optical conductivity, and refractive index of tungsten oxide films 
were raised with increasing molarity concentration, as displayed in Figure 2a, 2b, and 2c at varying 
concentrations from 50 mM to 90mM, because of the improved impact of electron transitions between both the 
two bands (i.e., valance band and conduction band), the calculated σopt increases with molarity concentration, 
reducing the energy gap [4]. Due to improved density of packing and layer thickness with a reduced extinction 
coefficient, the refractive index(n) value improved steadily, increasing molarity concentration [4]. 

Figure 2: Variation of an optical parameter versus various molarity concentrations, a. Energy gap and Urbach 
energy, b. absorption coefficient and Extinction coefficient, and c. optical conductivity and Refractive index. 

For many materials, the absorption coefficient (α) near the band ledge is thought to have an exponential 
relationship with photon energy hυ. The relationship derived from Urbach explains this reliance [55]. 

𝜶 = 𝜶𝒐𝒆𝒙𝒑 (
𝒉𝝊

𝑬𝒖
)                                                              (8) 

Eu denotes the breadth of the tailpiece of the localized states linked with the forbidden gap's amorphous region 

and is αo constant. Eu is determined using a reverse of the slope of the linear component in the lower photon 
energy zone, and the results are shown in Table 1. The optical band gap energy has an inverse relationship with 
Eu values. The exponential dependency of the coefficient of absorption near the optical absorption ledge is 
described using the tail of Urbach (Eu). The disorder causes a change of the Urbach tail (Eu) in the materials, 
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which leads to an extended parabolic density of states into the band edge. The disorder includes thermal 
disorder, which reflects the thermal occupation of phonon states, or structural disorder, which is associated with 
impurities and defects in the material. In this case, the Urbach tail was attributed to the effects of solution 

concentration on the fundamental optical absorption [56]. 

Table 1: Optical parameters of WO3 thin film deposited at various mole concentrations. 

Mole 
concentration(mM) 

Av. 
Absorption 
coefficient 
x104 (cm-

1) 

Av. 
Extinction 
coefficient 

(k) 

Band 
gap 
(eV) 

Av. Optical 
conductivity 

σoptx 
1013(Ωcm)-

1 

Urbach 
energy 
(eV) 

Av. 
Refractive 
index(n) 

Av. 
thickness 

(nm) 

50 1.5731 0.2244 3.40 0.4218 1.808 1.127 300 

60 1.9152 0.3496 3.35 0.5295 1.821 1.162 1000 

70 2.5254 0.3979 2.84 0.7071 1.828 1.177 1043 

80 3.1662 0.4363 2.63 0.8883 2.091 1.195 1737 

90 3.8985 0.7183 2.78 1.3218 1.639 1.425 1250 

 
3.2. X-ray Diffraction (XRD) 

The structural alterations and phase of as-synthesized WO3 thin films are investigated with an X-ray pattern. 
Figure 3 depicts the XRD diffraction of the WO3 thin film sample coated on glass substrates at 350°C and 80mM 
molarity. The XRD peaks were indicated to the monoclinic phase of WO3, indicating its pristine crystal structure 
in the absence of secondary or impurity phases (JCPDS Card No.43-1035) [42]. The XRD shape can be seen a 

well-defined peak triplet, which can be indexed as (002), (020), and (200) at 2 = 23.21, 23.68, and 24.19, 
respectively, and is attributed to monoclinic WO3 with a favored (200) plane. Lower intensities of various 

diffraction peaks have also been recorded at 2 values of 28.103, 33.917, 41.819, 49.658, 55.669, and 55.517, 
which correspond to the (hkl) planes (112), (202), (222), (400), (214), and, which corresponds with the study 
[33]. Higher peak intensity correlates with higher crystallinity, although other investigations have demonstrated 
that the film thickness can also influence this. We noticed that when the molar concentration increased, the 

intensity of the peaks increased, especially when (hkl) was (200) [36]. At high concentrations, the film is formed 
as a powder, which increases the grain size, but the crystallinity of the film decreases because of the incomplete 
decomposition of the solution [19]. The Debye-Scherrer eq. (3) evaluates the crystallite size of polycrystalline 
WO3 films for the strongest peaks. The results obtained from X-ray diffraction agreed with the report [19,20]. 

 

Figure 3: X-ray diffraction shapes of deposited WO3 thin layer created utilizing spray pyrolysis process at 
optimal substrate temperature with molarity concentration of 80mM. 
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𝐃 =
𝟎.𝟗 𝛌

𝛃 𝐜𝐨𝐬𝛉
                                                       (9) 

Where D is the crystallite size, 1.54056Å is the Cu Ka line wavelength, is the whole width at half maximum for 

the corresponding peak, and Bragg's angle in radian.Table 2 displays the structural properties of WO3 thin films 

at an ideal concentration of 80mM. At ideal molarity concentration, the average crystallite size (Davg) for the 

WO3 Film improved as the FWHM decreased t. Measurement of the microstrain is a significant parameter in 

determining the mechanical stability of the films. Equations (10), (11), and (12) were used to determine 

microstrain(ε), the density of dislocation (δ), and stacking fault (SF) [38]. 

 

𝛆 =
𝛃𝐜𝐨𝐬𝛉

𝟒
                                     (10) 

 

𝜹 =
𝟏

𝑫𝟐
                                   (11) 

 

𝑺𝑭 = [
𝟐𝝅𝟐

𝟒𝟓(𝟑𝒕𝒂𝒏𝜽)
𝟏
𝟐⁄
]𝜷                                            (12) 

 

𝑻𝑪 =
𝑰𝒐(𝒉𝒊𝒌𝒊𝒍𝒊)

𝑰𝒔(𝒉𝒊𝒌𝒊𝒍𝒊) 
 / [

𝟏

𝑵
∑
𝑰𝟎(𝒉𝒊𝒌𝒊𝒍𝒊)

𝑰𝒔(𝒉𝒊𝒌𝒊𝒍𝒊)
 ]                                   (13) 

 

Table 2: The structural properties of WO3 thin films at an optimal concentration of 80mM. 

Molarity 

concentration 

(mM) 

2θ ( ͦ) hkl d(Å) FWHM(β) 

(rad) 

D 

(nm) 

δ x 10
14

 

lines m
2
 

ε x 10
-3 

line
-2

 

m
-4

 

stacking 

fault 

(SF) 

x10
-2
 

Texture 

coefficient 

80 23.21 002 3.82848 0.00781 18.15 3.03503 0.19138 0.251 0.9508 

 24.19 200 3.67529 0.00760 18.61 2.88496 0.18592 0.240 0.9418 

 28.84 112 3.09237 0.00778 18.02 3.07709 0.18838 0.224 0.9314 

 33.97 202 2.63617 0.01353 10.23 9.55259 0.32366 0.357 1.0795 

 41.73 222 2.16270 0.00999 13.53 5.45558 0.23352 0.236 1.0779 

 49.61 400 1.83592 0.01046 12.56 6.33851 0.23754 0.224 1.0182 

 

Microstrain, dislocation density, and stacking fault all decreased with diffraction angle, indicating a reduction in 
lattice defects at the interplanar spacing of the crystal [39,40]. Table 2 shows the results. One of the basal 
structural properties of polycrystalline materials is the texture coefficient, Using the formula (13) [41]. Where 
TC is the (hkl) plane's texture coefficient, Io (hkl) is the estimated relative intensity, and Is (hkl) is the 

corresponding plane's JCPDS standard intensity. N is the number of reflection peaks in general; the coefficient 
of texture (TC) for a film with a preferred location in any (hkl) plane must be at least 1. As shown in the table, 
the value of TC of the films made at ideal concentrations equals one (1). This suggests that tungsten oxide 
coatings develop preferentially [4,39]. 

3.3. FE-Scanning Electron Microscopy and EDX 

The morphology of the thin WO3 layer in Figrue 4a was examined using FESEM. The proper concentration 
(80mM) was applied to the glass substrate at 350 °C. Furthermore, with an 80mM concentration, the WO3 thin 
film has a reticulated fibers structure with an average fiber diameter of 266 nm. This may be supported by a 
study [36]. The internal fiber network was seen with different fiber diameters for 80mM. This was caused by the 
impact and decay of tiny droplets on the substrate, with the decay and overlapping of droplets repeatedly 
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occurring [42]. In addition, pictures of the WO3 thin film obtained by FESEM reveal a fiber network with an 
internal fiber network with a diameter of 70 nm. The films appear to be made up of many layers of fibrous 
material [43]. Scanning electron microscopy was used to visualize a cross-sectional WO3 thin layer in Figrue 4b, 

4d, 4e, 4f, and 4g. At 350  ͦC (1.7 µm), the appropriate concentration (80mM) was placed on the glass substrate. 
The inset in Figure 4b displays the EDX spectrum of a spray-coated WO3 thin sheet with a mol concentration of 
80mM. (c). The estimated elements, tungsten, and oxygen were found in the spectrum without undesirable 
contaminants. The atomic ratios of (W %, O %), and stoichiometry (%), respectively, were (19.47, 80.53, and 
68.6). The amount of oxygen in the WO3 film can have a significant impact on the electrical conductivity as 
well as the morphology and structure revealed by the XRD and FESEM results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: (a) shown FE-SEM, (b, d, e, f, g) cross-section, and (c) EDX of WO3 thin film at substrate temperature 
350 ͦ C, and optimal concentration of 80mM 
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3.4. Atomic Force Microscopy 

Figure 5 shows an AFM image of WO3 thin film with an 80mM molarity concentration. Images from Atomic 
Force Microscopy (AFM) are captured in a 5µm x 5µm area. The WO3 films have particle sizes, average 

roughness, and root means square of (82.63, 5.3, and 6.8) nm, respectively. The layers show a fibrous reticulate-
like shape at 80mM, one of metal oxides' features [44]. The improvement of surface morphology and decrease in 
mean roughness were obtained at optimal concentration, as demonstrated in the above results. A sample with a 
denser shape and overlaid islands were coated from a precursor solution with greater molarity of 80mM. When 
aerosol droplets collide with a solid surface, the reactant molecule’s potential is lowered, and they may bond to 
the substrate, resulting in separate nuclei. The interaction of tungsten-containing species with already formed 
nuclei accelerates the formation of films, which is aided by the continual adsorption of the droplets onto the 
surface. A sample deposited from a precursor solution with higher molarity (80mM) has a denser morphology 

with superimposed islands. When the aerosol droplets strike the solid surface, the collision decreases the energy 
of the reactant molecules, and they may bind to the surface, forming isolated nuclei. Continuous adsorption of 
the droplets assists the film growth onto the substrate, followed by the reaction between the tungsten-containing 
species and the already formed nuclei. After monolayer(s) formation on the substrate, island formation occurs, 
probably because of the decreased binding energy of the chemical species to the existing layers because the 
concentration of reactants on the surface reaches a saturation point under the chosen experimental condition 
(island-layer Stranski–Krastonov) mechanisms [45]. We noticed that when the concentration was increased to 

80mM, the roughness and Root mean square decreased, which the researcher agreed with [6].  
 

Figure 5:AFM images at an optimal concentration of the WO3 thin film with substrate temperature 350 ͦ C 

3.5. Electrical Conductivity 

As shown in Figure 6a, at different temperatures (303–423) K, the current-voltage properties of spray-coated 

WO3 nanofiber films were investigated, and the measured results of I are shown to grow linearly with applied 
voltage was (10–100) V at varied measurement temperatures. The I–V characteristics reveal that the 
corresponding curve grew exponentially when the film's measurement temperature increased. When evaluated at 
423K, the film showed more significant progress and a higher I value than when measured at 303K. The 
opposition was lessening. As a result of the increased heat energy at higher temperatures, electrons may be 
liberated from the lattice for conduction [42]. The films with the least amount of oxygen in them probably 
performed better. When compared to other temperatures, I value are exceptionally high at 423K [4]. The 
electrical DC conductivity was computed using the following equation (14) [21,57]. 
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𝝈 = [
𝑰

𝒗
] × [

𝒅

𝑨
]                                             (14) 

I denotes the current, V indicates the applied voltage, D is the inter-probe distance, and A is the film's cross-
sectional area. The average values of conductivity and resistivity are 4.1762x10-8 s/cm and 2.393x10-8 Ω.cm, 

which is in good agreement with the researcher [21,40]. Based on computed conductivity at an optimal 

solution concentration of deposited WO3 thin film. Conductivity increased with grain size due to the reduction in 
grain boundary volume and related impedance to the flow of charge carriers [57]. On the other hand, the 
increased thickness can improve the thin film's crystalline size, resulting in fewer trapping states at grain 
boundaries. On the other hand, increased film thickness leads to an increase in carrier concentration [58]. The 
plot of Arrhenius (ln (σ) vs. 1/T) for various molarity of WO3 films is shown in Figure 6b. 

Figure 6: (a) I-V characterization, (b) shows the plot of Arrhenius (ln (σ) vs. 1/T) of WO3 thin films at 80 
molarity concentration. 

The Arrhenius Equation can be used to compute the activation energy (Ea) [57]. 

𝝈 = 𝝈𝒐𝒆𝒙𝒑(
−𝑬𝒂

𝑲𝑩𝑻
)                                            (15) 

where σ is the conductivity of electrical, αo represents a constant, Ea is the energy of activation, KB is the 
constant of Boltzmann, and T represents the temperature of absolute. 

In an 80mM molarity concentration, the activation energy was 0.298 eV. This could be due to stoichiometry, 
which raises the charge carrier concentration collision [42]. 

3.5. Figure of Merit  

Optimization between the electrical conductivity and optical transparency could be obtained from the value of 
the figure of merit using equation (16) [60] shown in Figure 7 as a function of the molarity concentration. 
 

𝑭.𝑶.𝑴 =
𝟏

𝝆 𝒍𝒏 𝑻𝑨𝒗𝒈
                                (16) 

Where ρ is the resistivity (cm Ω), and T is the average of transmittance. The F.O.M of the produced thin films 
increased as the molarity increased, as seen in Figure 7. Many variables support this increase, including 
improvements in structural qualities as measured by x-ray diffraction, topography augmentation, and 
transmission reduction. This indicates that the molarity concentration of 80mM is the best for achieving the best 
photodiode properties. 
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Figure 7: F.O.M as a function of the molarity concentration for WO3 thin films at substrate temperature 350
 ͦ
 C. 

4. Conclusions 

The optical transmittance and reflectance of the WO3 thin films, which were synthesized at 350 °C on glass 
substrates with an increase in molarity concentration from 50 mM to 80 mM, decreased from 78 percent to 53 
percent and from 9.63 percent to 5.02 percent, respectively. The WO3 thin films, which were formed at 350 °C 
on glass substrates with an increase in molarity concentration from 50 mM to 80 mM, show a decrease in optical 
transmittance and reflectance from 78 to 53% and from 9.63 to 5.02%, respectively.  The direct energy gap of 
WO3 thin films decreased to 2.63 eV, while Urbach energy increased to 2.091 eV at 80mM. From the X-ray 
diffraction study, the films indicate a polycrystalline structure with a monoclinic phase with the preferred 

orientation at (hkl) of 200. The average grain size is 18.61 nm under the optimal parameter, while the other 
peaks were intensely low at (hkl) of (002), (112), (202), (222), (400), and (214). From the image of the field 
emission scanning electron microscope, it was found that it possesses a fibrous network with an average 
diameter of 266 nm. The thickness of the sample is 1700 nm in cross-sectional measurement. The EDX spectra 
of the WO3 film produced at optimized parameters (80mM) showed that the atomic ratios of (W %, O %) were 
(19.47 and 80.53) respectively. The average roughness and root mean square of the tungsten oxide thin film were 
around 5.3nm and 6.8nm, respectively. To evaluate the electrical properties of the WO3 film deposited at a molar 

concentration of 80mM, the highest conductivity (4.1762x10-8 s/cm), and the activation energy (0.298 eV). 
These results, which included the optical, structural, and electrical properties of WO3 thin films, make them very 
suitable for optoelectronic devices. 
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