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Abstract 

In this work, pure and doped magnesium oxide (MgO) thin films doped with different 

concentrations (0.05, 0.07 and 0.1 wt.%) of copper oxide (CuO) were deposited on glass 

substrates by pulsed-laser deposition technique to fabricate gas sensors. The x-ray 

diffraction (XRD) patterns of prepared MgO:CuO nanostructures exhibit that the films are 

polycrystalline with tetragonal rutile phase for MgO and monoclinic phase for CuO. The 

transmittance and energy gap of all prepared samples were decreased while the absorption 

coefficient was increased with increasing CuO content. The effects of varying operation 

temperature of the fabricated gas sensors on sensor sensitivity and response time were 

studied. Maximum sensitivity of about 99.34% was determined for pure MgO. 
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1. Introduction 

In the last years, nanoparticles of transition 

conducting metal oxides (TCMOs) were intensively 

investigated. The structural and optical properties of 

these TCMO nanoparticles are of particular interest 

[1-4]. In technological applications, oxides are used 

in the fabrication of microelectronic circuits, 

sensors, fuel cells and as catalysts [5-7]. In the 

emerging field of nanotechnology, a goal is to make 

nanostructures or nanoarrays with special properties 

with respect to those of bulk or single particle 

species [8]. The TCMO nanoparticles can exhibit 

inimitable physical and chemical properties due to 

their limited sizes and high density of corner or edge 

surface sites [9]. Recently, the II-VI semiconductor 

nanocrystals are developed as a class of 

nanomaterials whose unique physical and chemical 

properties are helping to create a new generation of 

nano-photonics, nano-optoelectronics and nano-

electronics [10-12]. 

The catalytic behavior of metal oxides may be 

described in the reaction involving oxidation process 

[13]. The catalytic system of oxide-type catalysts is 

of particular importance where the active component 

exists in different oxidation states [14,15]. The 

catalytic activity of oxide catalysts is controlled by 

sites present in small concentration on its surface. 

Some metal oxides are very sensitive to the method 

of preparation and activation conditions. One of 

these oxides is copper oxide (CuO) [16]. 

In this work, fabrication of (MgO)1-x(CuO)x thin 

films at room temperature on glass  substrates by 

pulsed-laser deposition technique with different 

concentrations of CuO is aimed. The effects of CuO 

content on structural, optical and gas sensing 

properties are studied. 

 

2. Experimental work 

Highly pure (99.99%) powders of magnesium 

oxide (MgO) and copper oxide (CuO) supplied by 

Nanoshell Co. were mixed at different 

concentrations of CuO (0, 0.05, 0.07 and 0.1 wt.%) 

using gate mortar for one hour. The mixture was 

pressed under 5 tons pressure using SPECAC 

hydraulic piston for 10 minutes to form pellets of 1 

cm in diameter and 0.2 cm in thickness. These 

pellets were sintered in air to temperature of 500 °C 

for 3 hours then cooled down to room temperature. 

The sintering temperature of the furnace was 

increased at a rate of 10 °C/min. 

The substrates were cleaned with distilled water 

in order to remove any impurities then with alcohol 
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and ultrasonic waves for 15 minutes to remove 

contaminants such as grease and some oxides. They 

were dried by blowing air and wiped with soft paper. 

 

 
 

Fig. (1) The experimental setup of PLD used in this work 

 

The pulsed-laser deposition (PLD) experiments 

were carried out inside a chamber evacuated down 

to 10-3 mbar. The target was irradiated by frequency-

doubled Nd:YAG laser beam at 45° with the plane 

of target surface. This laser can deliver 800 mJ 

pulses with 9 ns pulse width and 6 Hz repetition rate. 

The maximum number of laser pulses used for 

irradiation was 500 pulses. The distance from the 

laser source to the target was set to 10 cm, and from 

the target to the substrate to 1.5 cm. Figure (1) 

shows the experimental setup used in this work. 

A double-beam METERTECH SP8001 

UV/VISIBLE spectrophotometer was used to 

measure the spectroscopic characteristics of the 

prepared samples in the spectral range of 320-

1100nm. For the purpose of accuracy, the 

background correction was taken for each scan. 

Aluminum electrodes were deposited on the 

surface of the prepared samples by thermal 

evaporation. The prepared samples were tested as 

gas sensors and figure (2) shows a schematic 

diagram of the experimental setup used for gas 

sensing measurements. 

 

 
Fig. (2) Schematic diagram of gas sensing measurements and 

the required electrical circuit 

 

3. Results and Discussion 

The crystalline structure of (MgO)1-x(CuO)x 

samples was recognized by the x-ray diffraction 

(XRD) patterns. Figure (3) shows these patterns for 

(MgO)1-x(CuO)x thin films deposited on glass 

substrates at room temperature with 200 nm 

thickness at different concentrations of CuO (x= 0, 

0.05, 0.07 and 0.1 wt.%). According to the 

International Center for Diffraction Data (ICDD), 

the structure of the deposited MgO films showed 

that they were polycrystalline tetragonal of rutile 

phase classification. The analysis verifies the 

reflection surfaces (110) and (021) for MgO [17] 

and (111), (022) and (202) for CuO [8]. When the 

concentration of CuO was increased, three peaks 

corresponding to reflection from (021), (022) and 

(202) planes were observed. 

According to the results obtained from Hall 

Effect measurements shown in table (1), the pure 

and CuO-doped MgO films were p-type as the Hall 

voltage decreases with increasing the current. By 

using the slope of this relationship, Hall coefficient 

(RH), charge carrier and mobility were calculated. 

Table (2) shows the results of measured carrier 

concentration and type of conductivity of the 

prepared samples. 

Figure (4) shows the UV-visible transmission 

spectra for the samples prepared at different 

concentrations of CuO in the wavelength range of 

320-1100nm. It is clear that the transmittance is 

decreasing with increasing CuO concentration. It can 

be also observed that the peak of transmittance is 

decreased and shifted towards longer wavelengths 

with increasing CuO concentration [18]. This 

decrease in transmittance can be ascribed to the 

increase in the absorption induced by increasing 

CuO concentration in the final product. The shift in 

transmittance toward longer wavelength (i.e., lower 

energies) can be explained by increasing CuO 

content leading to increase the density of localized 

states and consequently the sample became much 

more opaque to the incident light. This causes the 

absorption edge to shift towards lower energies and 

hence the optical energy gap to shift towards lower 

values. 

The carrier concentration (nH) was increasing 

while the Hall mobility (μH) was decreased with 

increasing CuO content (as dopant) as well as with 

increasing annealing temperature. Such behaviors 

are attributed to the substitutional doping of CuO3+ 

in MgO structure creating one extra free carrier in 

the process. As the doping level is increased, more 

dopant atoms occupy lattice sites of Mg atoms 

resulting in creating more charge carriers. Thus, the 

electrical conductivity of (MgO)1-x(CuO)x samples 

was increased with increasing CuO content. 

The values of the optical energy gap (Eg) for 

(MgO)1-x(CuO)x films were determined by Tauc 

equation to find the type of optical transition. This 

was done by plotting (αhv)r versus photon energy 

(hv) and extrapolation of the linear part. It was found 

that the relation for r=2 yields linear dependence, 

which describes the allowed direct transition. The 

value of the optical energy gap was decreased from 

3.25 to 2.90 eV with increasing CuO concentration. 
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This is due to the increase in the density of localized 

states in Eg, which is shifted to lower values [19]. 

The values of Eg for different concentrations of CuO 

and annealing temperatures are listed in table (3). 

 

 
 

Fig. (3) The XRD patterns for MgO films doped with different 

concentrations of CuO 

 

 
Fig. (4) Transmittance of (MgO)1-x(CuO)x films as a function 

of wavelength at room temperature and different 

concentrations of CuO 

 

Table (1) Hall effect parameters for (MgO )1-x(CuO)x films 

prepared in this work 

 
CuO content 

(wt.%) 

Hall coefficient 

RH (m3/C) x107 

Hall mobility 

μH (cm2/V.s) 

0 (pure MgO) 2.140 1700 

0.1 1.34 1300 

0.3 0.653 63.7 

0.7 5.7 27.8 

1 (pure CuO) 0.0328 280 

 
Table (2) Measured carrier concentration and type of 

conductivity of the (MgO )1-x(CuO)x films prepared in this 

work 

 
CuO content 

(wt.%) 
Carrier concentration 

nH (cm-3) x1011 

Type of 
conductivity 

0 (pure MgO) 2.91 p-type 

0.1 4.65 p-type 

0.3 9.55 p-type 

0.7 10.1 p-type 

1 (pure CuO) 190 p-type 

 

The absorption tails at energies smaller than the 

optical energy gap are called Urbach energy (Eu), 

which is evaluated by the plot of logarithmic value 

of absorption coefficient (ln α) versus photon energy 

(hν) as shown in Fig. (5). The reciprocal of slope of 

the liner part gives the value of Eu. The Urbach 

energy gives information about the localized energy 

states. It is increased with increasing CuO 

concentration, which can be attributed to the 

production of new states in the energy gap. This may 

explain the increase in the width of valence and 

conduction band tails that causes the increase in the 

value of Eu [20]. 

An interesting result from this work is the 

variation of Eu with Eg that can be seen from table 

(3). The coefficient β' (Tauc’s slope) is obtained 

from the squared slope of the straight line. We 

observed from table (3) that β' is decreased with 

increasing CuO concentration. It is well known that 

β' is inversely proportional to the randomness of 

amorphous structure as well as to the width of the 

band tails [21]. So, larger β' value means smaller 

randomness. 

Figure (6) shows the variation of sensitivity to 

NO2 gas of pure and CuO-doped MgO thin films 

prepared in this work with operation temperature in 

the range 25-300°C. The sensing measurements 

were carried out using 60 ppm NO2 gas mixed with 

air at 3% concentration with bias voltage of 6V 

applied between the electrodes on the sample 

surface. The maximum sensitivity to NO2 gas by 

pure MgO sensor was about 30% at 300°C, while 

the MgO film doped with 0.07 wt.% CuO showed 

reasonable enhancement in sensitivity to NO2 gas at 

300°C to reach 99.34%. 

 

0

15

30

45

60

75

90

300 500 700 900 1100

Tr
an

sm
it

ta
n

ce
  (

%
)

Wavelength (nm)

Pure
x=0.05
x=0.07
x=0.1



Iraqi Journal of Scientific and Industrial Research 

Volume 3, Issue (1), January-March 2024, pp. 7-12 

 

© All Rights Reserved   ISSN (print) 2079-4630 (online) xxxx-xxxx   Printed in IRAQ  10 

 
 

Fig. (5) Plot of (ln α) versus photon energy (hν) for the 

(MgO)1-x(CuO)x films prepared at room temperature and 

different concentrations (x) of CuO 

 
Table (3) Optical results for the (MgO)1-x(CuO)x films prepared in 

this work 

 

CuO content (x) Eg (eV) Eu (eV) 
β' (eV/cm2) 

×1021 

0 (pure MgO) 3.25 1.805804 9.314 

0.05 3.20 2.310638 8.092 

0.07 3.00 3.037853 7.364 

0.1 2.90 4.218902 2.849 

 

All results have shown that the sensitivity of 

MgO composite gas sensors to the oxidizing gas was 

greatly enhanced. This can be attributed to the nano-

sized MgO particles on glass substrates as the 

amount of surface-adsorbed oxygen species was 

increased too [18,19]. Furthermore, it is well known 

that the conductivity of a semiconductor gas sensor 

is mainly determined by the presence of singly-

charged oxygen vacancies [8] and the surface 

adsorbed oxygen species plays an important role 

during the sensing process [9,21]. 

The response and recovery times of the pure 

MgO film for 3% NO2 gas and 10% NH3:air gas 

mixing ratios were determined. The successive tests 

were performed at a bias voltage of 6V. Figures (7a) 

and (7b) indicate the response time and recovery 

time, respectively, of the pure and CuO-doped MgO 

thin film gas sensors. The response time was 

increasing and recovery time was decreasing with 

increasing CuO concentration. The shortest response 

time was 18 s for pure MgO film sample while the 

shortest recovery time was 43.2 s at 0.1 wt.% CuO 

concentration. 

 

 
 

Fig. (6) Variation of sensitivity to NO2 gas with operation 

temperature for pure and CuO-doped MgO thin film gas 

sensors fabricated in this work 

 

 

 
 

Fig. (7) Variation of response time (a) and recovery time (b) 

for pure and CuO-doped MgO thin film gas sensors 

fabricated in this work at optimum operating temperature 

(300°C) 
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4. Conclusions 

Pure and doped magnesium oxide (MgO) thin 

films doped with different concentrations (0.05, 

0.07, 0.1) wt.% of copper oxide (CuO) were 

deposited on glass substrates by pulsed-laser 

deposition technique to fabricate gas sensors. The 

prepared MgO:CuO nanostructures films are 

polycrystalline with tetragonal rutile phase for MgO 

and monoclinic phase for CuO. The transmittance 

and energy gap of all prepared samples were 

decreased while the absorption coefficient was 

increased with increasing CuO content. The effects 

of varying operation temperature of the fabricated 

gas sensors on sensor sensitivity and response time 

were studied and maximum sensitivity of about 

99.34% was determined for pure MgO. 
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