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Abstract: MoO3 have been widely investigated for their applications ranging from electronics to energy storage. 
Orthorhombic structured MoO3 thin films were prepared on a glass substrate. The Ag doped materials to add the MoO3 
in different concentrations (1%, 3%, 5%) at Wt% with MoO3 precursor and synthesis was done using the spray pyrolysis 
method. X-ray diffraction revealed the incorporation of Ag in the MoO3 orthorhombic structure. FE-SEM images showed 
more dispersive and rod shapes than Agi-doped MoO3 and pure MoO3 respectively. The jet nebulizer spray pyrolysis 
technique for fabrication of n-Ag: MoO3/p-Si photodiodes makes it suitable for good response photo-detecting 
applications. 
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1. INTRODUCTION 

Semiconductor nanostructures finds to be a powerful platform in the field of nanoscience today due to their versatile 

structures. Many transition metal oxides, such as MoO3, WO3, ZnO, CuO and NiO are widely used [1-5]. Among those 

materials, MoO3 is a wide band gap n-type material which is used in many industrial applications because of its 

structural and electronic characteristics. Many authors had reported that the changes induced by substitution of 

transition metal ions into MoO3 lattice [6-8].  However, among all, Ag doping into MoO3 may manipulate the defect 

environment in the host material.  In existing electronics field, the transition metal oxide (TMO) can be used in device 

fabrication as an n-type layer on the p-type silicon wafer for P–N junction diode structure. In fact, MoO3 has been 

used in various applications of solar cell, diode, gas sensor, electrochromic, in fact that MoO3/Si material preparation 

of the photodiodes by ion-beam sputter technology and so on. Various deposition methods have been used to develop 

MoO3 thin films such as spray pyrolysis, thermal vacuum evaporation, sol–gel, electron beam evaporation technique, 

hydrothermal, magnetron sputtering, laser coating, continuous wave CO2 laser-assisted evaporation, oxygen plasma 

assisted molecular beam epitaxy, electrodeposition, chemical vapor deposition[9-12]. An attempt have been made 

for preparing uniform thin film using jet nebulizer spray pyrolysis technique. In the present work, a systematic attempt 

has been made to synthesize pure and Ag:MoO3 nanoparticles (x=1, 3 and 5%) with different dopant concentrations 

by precipitation method. The influence of Ag doping on structural, morphological, optical and electrical properties of 

the synthesized samples were also investigated as well.  

2. XRD ANALYSIS 

Fig 1. Shows typical XRD pattern of prepared pure MoO3, Ag doped MoO3 with Ag. wt%: 1,3 and 5 samples calcination 

at 450°C using spray pyrolysis technique.. The position of diffraction peaks (1 0 1), (0 0 2), (0 1 1) depicts that it 

exhibits an orthorhombic crystal structure of MoO3. These prominent peaks confirm the presence of orthorhombic 

phase of MoO3 (α- MoO3) in the prepared samples JCPDS no. 89-5108. When the Ag concentration increases, it is 

noted that the peak position in the XRD pattern shifts to higher 2θ values [13,14]. The higher 2θ peak position shift is 

due to occupancy of the MO6+ (Ionic Radius=0.56Å) which is smaller than Ag3+ (Ionic Radius =0.89Å) causing a few 
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kind of lattice distortion induced due to tensile stress, resulting a crystalline structure with extremely anisotropic growth 

of the oxide [15-17] 

 

Fig 1. XRD pattern of Pure MoO3and Ag doped MoO3 

Fig 2. Shows doping concentration of Ag with MoO3. It is observed that the dislocation density is slightly increases 

with the increase of doping concentration. This is due to the decrease in grain size and the presence of improved 

defect states. It is noted that that the Ag doping lead to descent in the crystalline nature of the MoO3. It is observed 

that the decrease in the lattice parameters seem to be relatively defensible as ionic radii of Ag3+ is higher than that of 

Mo6+. The unit cell volume slightly increases and its micro strain decreases than that of pure MoO3 which is due to 

the contamination of more supportive in non-equilibrium positions [18,19]. However , the unit cell volume seems to 

be decreases for 10 to 15% Ag3+ doping which may be due to mismatch between the radii of Ag3+ and Mo6+. 

 

Fig 2. Doping concentration Ag of Crystallite size vs Microstrain 

3. FE-SEM ANALYSIS 

Fig 3 depicts the synthesized pure MoO3 with 1%,3% and 5% Ag doped MoO3 thin samples investigated by 2µm low 

magnification using FE-SEM examination. From the fig 3 a images of multi dispersive and ununiformed size rods are 

found with pure MoO3. From the resulting images as depicted, it can be noted that the developed sample 

morphologies are having shape variation with loose surface tension with the increase in dopant concentration [20-

22].  
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Fig 3. Morphology and microstructure of the pure and Ag doped MoO3 thinfilms by FE-SEM. 

4. EDS ANALYSIS 

The constituents of the samples were quantitatively characterized by the measurement of EDS analysis. The EDS 

spectra of pure and Ag doped MoO3 thinfilms are depicted in Fig. 4 (a-d).  

 

Fig 4. Elemental analysis of pure and Ag doped MoO3 thinfilms 
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These spectra designate that presence of Molybdenum (Mo),Oxygen (O) and Silver (Ag) as the clearly well known 

that of the components, products and low concentration of Ag3+ ions along with elemental mapping. consequently, 

the EDS results says that the majority of the undesired precursor materials have been absolutely removed from the 

product.  

Table 1. Elemental analysis of pure and Ag doped MoO3 thinfilms 

 

5. I-V CHARACTERISTICS OF N-AG DOPED MOO3/P-SI DIODES 

 

Fig. 5(a) The device structure of back contact 

Fig.5 (a) shows represents the schematic of n-MoO3/ p-Si device structure the current voltage characteristics of 

undoped and Ag (wt.5%) doped n-MoO3/p-Si diode. The parameters of both devices were analyzed under illumination 

source of a halogen lamp and in darkness condition using I-V characteristics it exhibits asymmetrical and non-linear 

behavior as illustrated by figure ( b – e ) It is observed that the studied diodes, under dark condition exhibits the 

rectification behavior [23-26].  
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Fig. 5. (b-d).  I-V curve of (b) n-MoO3/p-Si, (d) n-Ag MoO3/p-Si diodes, I-V curve of  (c,e) current density (J)-voltage 

(V) plots of pure MoO3 and n-Ag MoO3/p-Si diodes 

The thermionic emission current-voltage dependence of the junction of the applied voltage (V) may be written as the 

equation (1), 

( )exp 1 3 (1)s B

qV TV k
qnKT

  
 =  −  −−−−−−−−−−  

    

The rectification ratio is found to be dependent on the substitution of silver content. It is noted that RR decreases with 

increasing the dopant concentration. 

The saturation current Is is expressed by the equation (2) 

2* exp (2)
KT

B
s

q
I AA T

 
= − − − − − − − − − − − 

   

The ideality factor, n can be calculated from the slope straight line region during the forward bias ln (I)-V plot and can 

be written by the equation 

(3)
(ln )

q dV
n

KT d I
= − − − − − − − − − −

 

where, Io can be determined by extrapolation of the forward bias ln (I)-V curve to V=0. The B is calculated by the 

following relation 

2*
ln( ) (4)

O

B

KT AA T

q I
 = −−−− − − − − − −

 

Where I0, q, V, n, KB, T and A* is the reverse leakage current density, electron charge, applied voltage, ideality factor, 

Boltzmann constant, temperature in K and effective Richardson constant for  p-type Si wafer. The ideality factor was 

determined form the slop of the intercept of the semi-logarithmic forward biased J-V plot. The ideality factor (n) and 

barrier height (ФB) values for MoO3 and Ag doped MoO3 were calculated in the values are given Table 2. 

Table 2 Electrical parameters of the MoO3 diode 

sample Ideality factor (n) Barrier height (ФB) Saturation current (Io) 

MoO3 1.4855 0.40972 5.41×10-5 

Ag 5% doped  MoO3 4.0975 0.57694 8.95×10-8 
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The ideality factor (n) and barrier height (ФB) values for MoO3 and Ag doped MoO3 for the dark and light illumination 

condition has been studied and the ideality factor is found to be increasing whereas the barrier height of the device 

is found to be increased for the same condition. It is observed that n-Ag: MoO3/p-Si diodes have lower ideality factor 

and higher barrier height when compared to n- MoO3/p-Si. In addition, the Silver ion substitution into MoO3 lattice 

reduces the number of oxygen vacancies and leads to lower density of free carriers, which can effectively increase 

the barrier height at the interface. 

6. CONCLUSION  

Summing up, we report the successful coated of (MoO3) thin films with Ag  concentrations 1,  3 and 5 Wt.% on to the 

silica substrate calcined at 450 ℃ by a facile, rapid, cost effective and a custom-made Jet Nebulizer Spray Pyrolysis 

Technique. The concentration impact on the structural, morphological and compositional parameters of the fabricated 

films were examined. The structural analysis (XRD peak profile) reports the presence of orthorhombic phase of MoO3 

in the prepared sample with preferential orientation at (110), (002) and (011) planes respectively. Morphologies of the 

fabricated samples resembling nano structured rods were seen in FESEM images. The wide spread distribution of a 

crack free homogeneous surface reveals the good adhesion of the deposited films on to the silica substrates. EDX 

spectra confirms the presence of the elements such as Oxygen (O) Molybdenum (Mo) and Silver (Ag) in the fabricated 

samples. The ideality factor (4.0975) and barrier height (0.57694 eV) was obtained for 5 wt% of Ag doped MoO3 

prepared sample. 
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