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Abstract 

In this research, MgO thin films deposited on quartz glass and silicon substrate with different thicknesses 100 and 
200 nm by a radio frequency (R.F.) magnetron sputtering process using magnesium oxide target under Ar gas 
pressure. The sputtering deposition was performed by using R.F. power of 130 Watt. The average surface roughness 
(Ra) measured with atomic force microscopy (AFM) was ranged between 8nm and 20nm. Spectral transmittance of 
MgO thin films were measured in the range of 200-1200 nm. Optical band gaps were calculated from Tauc' plots and 
were found to be 5.5eV and 5.9eV for sample thickness of 100 nm and 200 nm respectively.  
These films were tested in (NH3) gas at room temperature. The sensitivity after 100 sec from exposed to (NH3) gas were 6% and 
13% for 100 and 200 nm film thickness respectively. 
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1. INTRODUCTION 
Magnesium oxide thin films are very important scientific and commercial material. They  widely  used  as  a  protective  
layer  for  AC-plasma display  panels  because  of  their  high  durability and gas sensing systems[1].good  protection  
characteristics  against  ion bombardment,  high  secondary  electron  emission  coefficient  and  high  
transparency[2].MgO is a best candidate to be used as  dielectric layer due to its excellent properties such as has high 
dielectric constant (~ 9.8), large band gap in the range of 7.3  eV -7.8 eV and has higher breakdown field (12 MV/cm)  
compared to commonly used dielectric layer which is silicon  dioxide (SiO2) [2] . Due to its excellent dielectric properties, 
MgO has been proposed to be used for capacitor applications because MgO can improve the storage capability of a 
capacitor. Other characteristics of MgO that comparable to SiO2are due to its chemical inertness, electrical insulation, 
optical transparency, high temperature stability, high thermal conductivity and secondary-electron emission with a lattice 
constant of 4.21 Å [3]. Due to its excellent properties, MgO has been proposed to replace current dielectric material 
(SiO2) [4].Magnesium Oxide with rocksalt-structure has been extensively investigated due to its exceptional properties, 
such as chemical inertness, high electrical resistivity, optical transparency, and low thermal conductivity [5–6].The most 
used techniques to obtain these films are organ metallic using  thermal  evaporation  [7],  flame  spray paralysis  [8],  
combustion  aerosol  synthesis  [9],  chemical  vapor  deposition  [10],  hydrothermal  [11], and surfactant  methods  [12] 
 
2. EXPERIMENTAL DETAILS 
MgO thin films were prepared by RF magnetron sputtering system with a magnesium oxide target of 99.99% purity on 
quartz and (P+) silicon as substrates. Firstly, the target was pre-sputtered in an argon atmosphere in order to remove oxide 
layer. The argon gas was introduced into the chamber through a flow controller with fine adjustments the sputtering was 
performed under Ar (99.999%) atmosphere supplied as working gas through mass-flow controller. The sputtering 
chamber was evacuated down to 5 × 10-5 mbar by the turbo molecular pump. Microscope glass slides were used as the 
substrates for thin films. Prior to deposition, The quartz and (P+) silicon substrates was cleaned by chromic acid followed 
by distilled water rinse. 
The optical properties of the MgO films were, determined by The UV-VIS spectrum (Optima Sp – 300 Plus) was used to 
study the change of thickness on absorption, transmittance and band gap energy. For morphological investigations, AFM 
images were recorded using Nano scope IIIa scanning probe microscope controller in a tapping mode. In addition to the   
effect of thickness on sensitivity.    
 
3. Results and discussion: 
3.1 Optical Properties 
The optical characterization of thin films gives us something about the physical properties such as the absorption , 
transmittance  and band gap energy and band structure, determined by UV-VIS spectrum(Optima Sp – 300 Plus ). 
Transmittance spectra recorded for MgO films as a function of wavelength range (200-1200 nm).It is observed that the 
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transmittance decreases with increase in thickness deposited with 100nm thickness shows higher transmittance compare 
to 200nm thickness as show in figure 1. This property of high transmittance makes it a good material for optical coatings. 
The optical band gaps of the films are calculated from the transmittance spectra. The absorption coefficient (α) is 
calculated using the equation, [13]: 

α= ln (1/T) / d …….. (1)  
Where T is transmittance and d is film thickness. The absorption coefficient (α) and the incident photon energy 
(hν) are related by the following equation [14]: 
(αhν)2= A (hν-Eg) …….   (2) 
 The film it shows the representatives of optical absorbance which reveals that the absorbance of the film decreases 
gradually with increase in wavelength as shown in figure 2.  
 

 
Fig.1. Transmittance Spectra of MgO Thin Films a. 100nm b. 200nm 

 
Fig. 2. Absorbance Spectra of MgOThin Films a. 100nm b. 200nm 

 
Fig. (3): (a) Allowed and (b) Forbidden Direct Electronic Transitions of MgO 
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The typical plots of (αhν)2 versus hν for MgO thin films with 100nm thickness and 100nm thickness deposited on quartz 
substrate is shown in figure (3). It is observed that increase in thickness of MgOlead to increase in optical band gap from 
5.6eV to 5.9eV. 
  
3.2 Morphology 
The surface morphology of all the MgO  films is offered by AFM images in tapping mode shown in Fig. 3. All the MgO 
films presentation a smooth surface with uniform grains.  
 In Fig. 3, the surface morphology discovers the nana-crystalline MgO grains, which rise to make intensive films 
significantly with the increased thickness. From the images, it was observed that the surfaces of the films exhibited a 
confirmed degree of coarseness and the film came rougher when the thickness increases. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (4) Image AFM of Thickness (a) 100nm   , (b) 200nm 
 
3.3Gas sensing properties 
The figure (5) shows the sensitivity to prepared MgO thin films on silicon p-type (n-p) by RF magnetron sputtering 
system with thickness 100nm and 200nm for the gas (NH3).The working gases were pumped in to the chamber and 
recording the change in thin films resistance with time (per 10 seconds), MgO thin films suffer from the height of 
potential barrier in the reducer by using (NH3) gas closed to 6 ppm. The sensitivity is higher for sensors on the MgO with 
200 nm thickness because increase in number of electrons lead to increased charge carries (electron - hole). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (5) MgO thin Films Sensitivity NH3 a. 100nm b. 200nm 
 

4. Conclusion 
The magnesium oxide thin films have been successfully deposited by RF reactive sputtering method on unheated quartz 
and silicon substrates. The transmittance is found to increase slightly in the decreased film thickness. AFM images also 
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support the slow growth of crystallite sizes for the as-grown films and increasing thickness. The MgO films are highly 
transparent in the visible range and decreasing thickness causes slight increase in visible transmittance.  
 It is observed that the allowed direct optical band gap of the films increases from 5.5 eV to 5.9eV with the increase of 
film thickness. The high sensitivity increasing thickness, the sensitivity was improved by increasing thickness. 
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