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4. Set the flow rate of the air and tested gas using the needle valves, and install the 

volumetric concentration of (3)% test gas to air.  

5. Measurement of current variation is observed using the PC- interfaced digital 

multimeter of type (UNI-UT81B). 

6. At the first time the digital multimeter record the biasing current of air flow, after 

that switch-on the testing gas (NO2), and after several second the current has low 

variation, then switch-off the test gas to record the recovery time.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3.8: Schematic Diagram and the Electrical Circuit Setup for Gas Sensing 

Measurements.  
4.1 Introduction 

       In this chapter, the results and the analysis of the experimental measurements of 

the MgxZnO1-x thin films which were prepared by (CSP) on glass and silicon 

substrates, when at the different Mg-contents(0,30,50,70,and 90)% , and substrate 

temperatures (400,450, and 500)oC. The structural, Raman shift, optical, and 

electrical properties of     MgxZnO1-x/n-Si photodetector have been studied. The 

structural and electrical properties of  MgxZnO1-x/n-Si  photodetector  were studied at 

constant thickness. Finally the sensing properties for gases were studied for all 

deposited thin films, and display the conclusions and suggestions for future work.  

4.2   Structural and Surface Morphology for MgxZnO1-x Thin Films 
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       In this section, have been studied the effect of different Mg-contents 

(0,30,50,70,and 90)%, and substrate temperatures (400,450,and 500)oC on the 

structural and surface morphology properties for MgxZnO1-x thin films.  

4.2.1 X-Ray Diffraction Maesurments 

       XRD technique is used to find out the nature of the crystal structure and main 

crystalline phases and the direction of the films prepared in certain conditions, as well 

as to identify some of the structural parameters such as crystalline size and full width 

at half maximum (FWHM).   

      The substrate temperature (Ts) plays an important role in determining the 

structure of MgxZnO1-x alloy films which are fabricated on glass and silicon 

substrates. Fig.4.1 shows the XRD measurements results that were formed at 

substrate temperatures of (400, 450, and 500) oC, for range from  (20o-60ο),  on glass 

substrate, at nitrogen pressure (4.5) bar, and  constant  thickness. It can be seen that 

the film is less crystallized at     Ts= (400) oC. When the substrate temperature (Ts) 

increased to (450) oC, as shown in fig.4.1(450) oC, there are three diffraction peaks 

located at (2θ =31.7°,34.38°,and  36.35°), are found, which belong to ZnO: (100), 

(002), and (101) orientations, respectively. 
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Fig.4.1: XRD Patterns for ZnO Thin Films with Different Substrate Temperatures 
 

      

      When the substrate temperature is (500) oC as shown in fig.4.1 (500) oC, the 

(100), (002), and (101) peaks is becoming fine line width, suggesting that pure c-

oriented ZnO films are obtained. The above XRD results indicate that the structure of 

the films changed from less crystallized to higher crystallization  with the increasing 

of the temperature.    

      Furthermore, the  Zn-O bonds along the  c- axis are longer than the other Zn-O 

bonds which means that the Zn-O bond energy along (002) direction is the smallest. 

The film-growth along this direction needs to higher kinetic energy than that along 

other 

 directions.Then in the substrate temperature at (450) oC is best to the growth of (002) 

oriented  ZnO films. The deposits at the substrate temperature (500) oC, ZnO thin 

film increases crystallinty, but decreases the c- axis as the  fig4.1 (450) oC. The 

hexagonal phase appears  at (2θ=34.38°) (002),because the change ZnO  phase from 

hexagonal to hexagonal wurtzite occurs at temperatures higher than (400) oC.  Fig.4.1 

(500) oC  shows the full width at half maximum (FWHM) of the ZnO thin films 

grown on glass at above substrate temperature, where the (FWHM) of the (002) 

peaks decreases with increasing of the substrate temperatures. This is related to the 

migration and diffusion rate of Zinc  and oxygen atoms.  At low temperature, the Zn 

and O atoms have no energy to migrate to the normal lattice site. This leads to 

increase in (FWHM) of (002) peak and decrease in crystellite size. But at high 

temperature grains have enough energy to combine together to form large grains, 

which leads to decrease of the (FWHM) of (002) peak.     
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      From table 4.1, it is clear that the crystalline size at low temperature is lower 

compared with the high temperature and increases with increasing of substrate 

temperature. Tables (4.1,and 4.2) shows all the peaks observed in all films and 

comparison between the experimental and standard value of (dhkl ) according 

cards(JCPDS data card no. S6 –314, and JCPDS card no. 71-1176). 

Table 4.1: Structural Properties of  ZnO  Thin Films prepared on Glass 
Substrate at Different  Substrate Temperatures  

 
Substrate 

Temperature 
(oC) 

 
(hkl) 

2  
(deg.) 

dhkl 
(Exp.) 
 (nm) 

dhkl 
(Std.) 
(nm) 

FWHM 
(deg.) 

Crys. 
size 

Ds(nm) 

δD×1014 
(lin m-2) 

S×10-2 
(lin-2m-

4) 

(Nℓ ) 

 
400  

(100) 
(002) 
(101) 

31.65 
34.32 
36.25 

2.823 
2.610 
2.475 

2.81 
2.60 
2.47 

0.367 
0.400 
0.330 

45.08 
41. 62 
50.68 

4.921 
5.773 
3.893 

8.827 
9.555 
7.840 

1.775 
3.411 
1.579 

 
 450  

(100) 
(002) 
(101) 

31.70 
34.38 
36.70 

2.819 
2.605 
2.446 

2.81 
2.60 
2.47 

0.241 
0.352 
0.208 

68.60 
47. 30 
80.58 

2.125 
4.470 
1.540 

5.795 
8.407 
4.935 

1.166 
1.691 
0.993 

 
 500 

(100) 
(002) 
(101) 

31.55 
34.44 
36.25 

2.832 
2.600 
2.475 

2.81 
2.60 
2.47 

0.248 
0.270 
0.218 

66.56 
61.60 
76.64 

2.256 
2.635 
1.703 

5.966 
6.447 
5.179 

1.202 
1.299 
1.044 

            The film quality can improve with the increase of the substrate temperature. 

This is because the atoms at lower temperatures do not have enough energy to locate 

their right position [116]. It is seen from the fig.4.1 at (500)oC that the relative 

intensity of the (002) peak increases with increasing substrate temperature. The 

increase in peak intensity indicates an improvement in the crystallinity of the films. 

This leads to decrease in full width at half maximums (FWHM) of peak and increase 

in crystallite size are similar behavior  into [117]. The (FWHM) of XRD depends on 

the crystalline quality of each grain and distribution of grain orientation. The 

(FWHM) is proportion Inversely with the crystallite size, as the mean crystallite size 

increases as shown in Fig. 4.1(500) oC. The increasing of the substrate temperature is 

in favor of the diffusion of atoms absorbed on the substrate and accelerates migration 

of atoms to the energy favorable positions, resulting in the enhancement of the 

crystalline and c-axis orientation of film. Fig.4.2 shows X-ray diffraction patterns of 

ZnO films mixed with MgO at proportions (x=0,30,50,70, and 90)%  under (4.5) bar  

nitrogen pressure, and at substrate temperatures (400,450, and  500)°C, by using 
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(CSP), deposited on glass substrates are shown in figs.(4.2-4.4). The XRD shows 

peaks  position which  shifted slightly from the data of (ASTM) cards at increased. 

Interplaner spacing (dhk1) was determined using the Braggs relationship(2-1). From 

figs.(4.2,4.3,and 4.4) when x=(30)%  Mg0.3ZnO0.7 thin films, three peaks appears 

belonging to the ZnO which located at (2θ=31.70o, 34.75o, and 36.25°) respectively 

as shown in table 4.2,which corresponds to{(101), (002), and (101)} planes, but not 

appear to MgO peaks in this ratio x=(30)%, it indicates the crystal structure is 

hexagonal wartzite despite the blending ratio of  MgO with ZnO, these results are 

similar behavior  into [26]. 

      When increase Mg-contents to the (x=50, 70, and 90)%, noted two peaks  

belonging to the MgO which located at (2θ= 36.85°,and 42.85°),which corresponds 

to{(111), (200)} planes.In this case,the crystal structure is a mixed resulting from 

ZnO with MgO in the hexagonal structure phase. It is noticed that the intensity of 

{(100), (002), and (101)} reflections decreasing with the increasing Mg-content, 

while the intensity of {(111), and (200)} reflection increases with increasing Mg-

contents, and the intensity of (200) reflection will be the prominent and controlling 

for other peak in MgO  in all temperatures. This refers to the clear improvement in 

the crystalline properties of the films, where it is clear that (200) is the highest peak 

in intensity as shown in        figs.(4.2-4.4).  

      These results are similar behavior into [38]. Fig.4.2 shows the XRD pattern of 

MgxZnO1-x thin films of various Mg-contents (x=0, 30,50,70, and  90)% deposited at 

substrate temperatures  (400,450, and 500) °C. The XRD patterns reveal that the 

films with Mg-content, x=(50)%, show highly intense (111) diffraction peak along 

with (101) peak which corresponds to cubic MgO phase with impurity phase. The 

appearance of only (200) peak for films with increase higher Mg-content x=(90)% is 

the sign of cubic single phase indicating deviation from wurtzite to cubic rock-salt 

structure in MgxZnO1-x thin films with increase in Mg-content. The presence of (002) 

wurtzite reflection along with (200) cubic reflection at x=(70)% indicates the 

existence of two phases.  
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      The observed deviation from wurtzite structure with increasing Mg-content is 

attributed to the fact that when the Mg and Zn atoms bond to the O atom, the Mg 

atom lose electrons more easily than the Zn atom because of the difference in electro 

negativities, (1.31 for Mg is smaller than that of the 1.65 for Zn). Moreover, the large 

angle between the nearest-neighbour Zn-O bonds than the nearest neighbor Mg-O 

bonds, this is leads to stronger interaction between the second nearest-neighbour Mg-

O bonds due to the stronger polarity of the Mg-O bonds, and hence results in 

deviation of crystal structure from wurtzite as the quantity of the Mg-O bond is 

increased.  

      The position of (002) and (200) peak shifted to higher diffraction angles with the 

increase in Mg-content, which manifests itself  by the c-axis compression. This 

shows the onset of lattice strain in the films due to the difference in ionic radii of 

Mg+2(0.57) Å.  and Zn+2 (0.60) Å ions. 

      Figs. (4.5,4.6, and 4.7) shows the variation of c-axis lattice constant and 

crystallite size of MgxZnO1-x thin films for different Mg-content (x)%. The crystallite 

size was found to decrease from (41.62 to 34.78)nm with corresponding increase in 

Mg-content from  (x=0 to 90)%  at substrate temperature (400) oC,(47.30 to 38.20) 

nm, at substrate temperature (450) oC, and from (61.60 to 50.02) nm, at substrate 

temperature (500) oC as shown in tables (4.3,and 4.4).  

      The evaluated c-axis lattice constant decreased monotonically from (0.5220 to 

0.5134)nm, at substrate temperature (400)oC, (0.5210 to 0.5138)nm, at substrate 

temperature (450) oC, and from (0.5200  to 0.5150)nm with increase in Mg-content, 

indicating c-axis compression as shown in figs.(4.5a,b,and c). 

Table 4.2: The Ds, δD, S, and Nℓ of Layers Data of (002),(200) Orientations for           
MgxZnO1-x at Different Mg-Content, at Substrate Temperature (400) oC. 

Sample  
hkl 

2 
(deg.) 

dhkl 
(Exp.) 
 (nm) 

dhkl 
(Std.) 
 (nm) 

FWHM 
(β) 

(deg.) 

Crys. 
size 

Ds (nm) 

δD×1014 
(lin m-2) 

S×10-2 
(lin-2 m-4) 

(Nℓ) 

 
ZnO 

(100) 
(002) 
(101) 

31.65 
34.32 
36.25 

2.823 
2.610 
2.475 

2.810 
2.600 
2.470 

0.367 
0.400 
0.330 

45.08 
41. 62 
50.68 

4.921 
5.773 
3.893 

8.827 
9.554 
7.840 

1.775 
1.922 
1. 579 
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Mg0.3ZnO0.7 

(100) 
(002) 
(101) 

31.70 
34.75 
36.25 

2.819 
2.578 
2.475 

2.810 
2.600 
2.470 

0.314 
0.396 
0.287 

52.58 
42.06 
58.24 

3.617 
5.652 
2.948 

7.551 
9.448 
6.818 

1.521 
1.902 
1.374 

 
 
Mg0.5ZnO0.5 

(100) 
(002) 
(111) 
(200) 

31.75 
34.80 
36.85 
42.85 

2.904 
2.575 
2.436 
2.108 

2.810 
2.600 
2.434 
2.106 

0.262 
0.447 
0.638 
0.703 

63.00 
37.24 
26.24 
24.32 

2.519 
7.211 
14.524 
16.907 

6.315 
10.663 
15.132 
16.360 

1.269 
2.148 
3.048 
3.289 

 
 

Mg0.7ZnO0.3 

(100) 
(002) 
(101) 
(111) 
(200) 

31.65 
34.65 
36.00 
36.87 
42.88 

2.823 
2.586 
2.491 
2.435 
2.106 

2.810 
2.600 
2.470 
2.434 
2.106 

0.311 
0.577 
0.172 
0.458 
0511 

53.20 
28.84 
97.26 
36.56 
33.44 

3.533 
12.023 
1.057 
7.481 
8.943 

7.480 
13.770 
4.089 
10.862 
11.890 

1.504 
2.774 
0.823 
2.188 
2.392 

 
 

Mg0.9ZnO0.1 

(100) 
(002) 
(111) 
(200) 

31.75 
34.50 
36.82 
42.85 

2.904 
2.596 
2.438 
2.108 

2.810 
2.600 
2.434 
2.106 

0.182 
0.147 
0.410 
0.491 

90.88 
113.60 
40.88 
34.78 

1.211 
0.775 
5.984 
8.267 

4.387 
3.509 
9.725 
11.426 

0.880 
0.204 
1.956 
2.300 
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Fig.4.2:XRD Patterns for MgxZnO1-x Thin Films Mg-Contents (0,30,50,70,and 90)% ,      
at Substrate Temperature (400) oC. 
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Fig.4.3: XRD Patterns for MgxZnO1-x Thin Films with Mg-Contents               
(0,30,50,70,and 90)% , at Substrate Temperature (450) oC. 

Table 4.3: The Ds , δD, S, and Nℓ  of Layers Data of (002),(200) Orientations for          
MgxZnO1-x at Different Mg-Content, and at Substrate Temperature (450) oC. 

 
Sample Investigated 

line(hkl) 
2 

(deg.) 
d(nm) FWHM 

(β) 

(deg.) 

Crys. 
size 

Ds(nm) 

δD×1014 
(lin m-2) 

S×10-2 
(lin-2 m-4) 

(Nℓ) 

 
ZnO 

(100) 
(002) 
(101) 

31.70 
34.38 
36.70 

2.819 
2.605 
2.446 

0.241 
0.352 
0.208 

68.60 
47.30 
80.58 

2.125 
4.469 
1.540 

5.795 
8.406 
4.935 

1.166 
1.691 
0.993 

 
Mg0.3ZnO0.7 

(100) 
(002) 
(101) 

31.65 
34.77 
36.35 

2.823 
2.577 
2.468 

0.281 
0.320 
0.244 

58.74 
52.00 
68.60 

2.898 
3.698 
2.124 

6.758 
7.634 
5.795 

1.362 
1.538 
1.662 

 
 
Mg0.5ZnO0.5 

(100) 
(002) 
(111) 
(200) 

31.64 
34.70 
36.85 
42.85 

2.824 
2.582 
2.436 
2.108 

0.235 
0.419 
0.473 
0.540 

63.00 
70.34 
35.40 
31.60 

2.519 
2.021 
7.979 
10.014 

5.652 
9.354 
11.218 
12.567 

1.269 
1.137 
2.259 
2.531 

 
 

Mg0.7ZnO0.3 

(100) 
(002) 
(111) 
(200) 

31.63 
34.75 
36.90 
42.80 

2.825 
2.578 
2.433 
2.110 

0.300 
0.392 
0.413 
0.452 

55.10 
42.50 
40.58 
37.76 

3.293 
5.536 
6.072 
7.013 

7.216 
9.352 
9.794 
10.520 

1.452 
1.882 
1.972 
2.118 

 
 

Mg0.9ZnO0.1 

(100) 
(002) 
(101) 
(111) 
(200) 

31.72 
34.70 
36.25 
36.85 
42.87 

2.818 
2.582 
2.475 
2.436 
2.107 

0.138 
0.120 
0.388 
0.373 
0.448 

119.48 
138.60 
43.10 
44.92 
38.20 

0.700 
0.520 
5.383 
4.955 
6.852 

3.318 
2.863 
9.218 
8.847 
10.425 

0.669 
0.577 
1.856 
1.781 
2.094 
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Fig.4.4: XRD Patterns for MgxZnO1-x Thin Films with Mg-Contents              
(0,30,50,70,and 90)% , at Substrate Temperature (500) oC.  

Table 4.4: The Ds , δD, S, and Nℓ  of Layers Data of (002),(200) Orientations for         
MgxZnO1-x at Different Mg-Content, and at Substrate Temperature (500) oC. 
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Sample Investigated 
line(hkl) 

2 
(deg.) 

d(nm) FWHM 
(β) 

(deg.) 

Crys. 
size 

Ds(nm) 

δD×1014 
(lin m-2) 

S×10-2 
(lin-2 m-4) 

(Nℓ) 

 
ZnO 

(100) 
(002) 
(101) 

31.55 
34.44 
36.25 

2.832 
2.600 
2.475 

0.248 
0.270 
0.218 

66.56 
61.60 
76.64 

0.903 
1.054 
0.681 

5.966 
6.447 
5.179 

1.202 
1.299 
1.044 

 
Mg0.3ZnO0.7 

(100) 
(002) 
(101) 

31.65 
34.47 
36.30 

2.823 
2.599 
2.471 

0.261 
0.340 
0.224 

63.28 
48.94 
74.62 

0.999 
1.670 
0.718 

6.277 
8.118 
5.321 

1.264 
1.635 
1.072 

 
 
Mg0.5ZnO0.5 

(100) 
(002) 
(101) 
(111) 
(200) 

31.54 
34.52 
36.32 
36.92 
42.84 

2.834 
2.595 
2.471 
2.432 
2.108 

0.221 
0.386 
0.218 
0.430 
0.529 

74.70 
43.12 
76.78 
38.94 
32.24 

0.717 
2.151 
0.680 
2.637 
3.848 

5.317 
9.215 
5.178 
10.196 
12.310 

1.071 
1.855 
1.043 
2.054 
2.481 

 
 

Mg0.7ZnO0.3 

(100) 
(002) 
(111) 
(200) 

31.70 
34.65 
36.87 
42.86 

2.819 
2.586 
2.435 
2.107 

0.289 
0.347 
0.437 
0.431 

57.12 
47.96 
38.30 
39.58 

1.225 
1.739 
2.726 
2.553 

6.950 
8.280 
10.364 
10.030 

1.401 
1.668 
2.088 
2.021 

 
 

Mg0.9ZnO0.1 

(100) 
(002) 
(101) 
(111) 
(200) 

31.64 
34.68 
36.29 
36.95 
42.87 

2.824 
2.583 
2.472 
2.430 
2.107 

0.123 
0.114 
0.356 
0.350 
0.356 

134.24 
145.96 
46.94 
47.84 
50.02 

0.222 
0.187 
1.815 
1.747 
1.597 

2.958 
2.720 
8.457 
8.299 
8.277 

0.591 
0.548 
1.704 
1.672 
1.594 

 

 

        A deviation from the linearity in the c-axis length with increase in Mg-content at       

x≥(50)% only at substrate temperature(400)oC could be due to the interstitial 

incorporation of  Mg atoms in the MgxZnO1-x thin films  and to the non-solubility 

limit of the Mg-precursor in the solution at higher Mg concentration. This is expected 

for an Mg-substituted ZnO solid solution as the ionic radius of  Mg+2 is smaller than 

that of Zn+2. Figs.(4.2,and 4.3) shows XRD pattern of MgxZnO1-x x=(30)% films 

deposited at different substrate temperatures (Ts) in the range from (400 to 500) °C.  

XRD pattern revealed that the film deposited at Ts> (450) °C was highly oriented 

along the c-axis and exhibits preferred (002) orientation that is, the c-axis of the 

crystal lattice is normal to the plane of the substrate. The absence of (002) 

preferential orientation at low temperature reveals the suppressing effect of low 

temperature on the (002) direction growth. This may be due to the fact that there is no 

enough energy at low temperatures for atoms to move to low-energy sites, which 

induces strain in the films. As the temperature increases to (500)°C, there is a 
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significant contribution in the (002) direction. The results show that the increase of 

substrate temperature is in favour to the diffusion of atoms absorbed on the substrate 

and accelerates the migration of atoms to the energy favourable positions, resulting in 

the enhancement of the crystallinity and     c-axis orientation of film, which is 

indicated by the increase in intensity of (002) reflection and decrease of (FWHM). 

4.2.2 Lattice Constants (a ,and c) 

       The lattice constants (a, and c) which belong to the (002) plane as a preferred 

orientation for the ZnO thin film, and (101) plane as a preferred orientation for the 

MgxZnO1-x thin films for different Mg-contents (x=30, and50)%. As for the 

concentrations (x=70,and 90)%  they belong to (200) plane , due to the modification 

from the mixed phase to cubic rock-salt  phase. The (a, and c) lengths determined by 

XRD are plotted as a function of  Mg-content as shown in  fig. 4.5. This figure a-axis 

lengths increase when increasing Mg-content from (x=0 to 90)%, while the c-axis 

length  

decrease. But at higher substrate temperatures, the constants propulsion changed 

slightly.  

      It is thought that the decreasing of c-axis lattice constant comes from increasing 

the number of  Mg+2 ions incorporated into the interstitial sites and  is assumed also 

that the c-axis lattice constant decreases slightly due to the increase of the number of 

substitutional Mg+2 ions, because the radius of  Zn+2 ions is a little greater than that of 

radius Mg+2 ion, the decrease of the number of Zn+2 ion in the Zn lattice sites will 

compress the lattice constant, are similar behavior  into [39].  
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Fig.4.5: Variation of (a and c axis) Lattice Constants vs. Different Mg-Content for      
MgxZnO1-x Thin films. 

 
4.2.3 Full Width at Half Maximum  

        (FWHM) by which who can know the preferred orientation (002) for ZnO pure 

and (101) for MgZnO are increase with increasing Mg-content and different 

temperatures in the film as shown in fig. 4.6a. It is inversely proportional to the 

crystallite size and thereby increase Mg-content increases the (FWHM), and decrease  

crystallite size as shown in the tables (4.2,4.3, and 4.4).  
 

 

 

Fig.4.6: Variation of FWHM, DS ,S, and δD vs. Different Mg-Content for              
MgxZnO1-x Thin Films, and at Substrate Temperatures(400,450, and 500)oC. 

4.2.4 Average Crystallite Size  

      The crystallite size of MgxZnO1-x thin films prepared at different Mg-contents                    

(x=0,30,50,70, and 90)%, at substrate temperatures (400,450, and 500)oC was 
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calculated using the  (FWHM) of the (002) peak for ZnO  and (101) peak for MgZnO  

films using  Debye Scherrers formula. The film prepared at Mg-content, (x=0) 

showed the highest average crystallite size of (68.26) nm at temperature (500) oC for 

pure ZnO as shown in table 4.1, and its value decreases with adding  Mg-content in 

the films  as shown in tables (4.3, and 4.4) and fig.4.6b. The decrease in cell volume 

indicates disorder, which may be due to  compression stresses in the films or 

substitution of elements of small size for elements of large size.  

      The XRD peaks can be widened (FWHM increase) by internal stress and defect 

when increasing Mg-content in the films, so the crystallite size decreases with 

increasing Mg-content. But at high temperatures increases crystallity due to kinetic 

energy sufficient for migration of atoms to their original positions, as shown in the 

table 4.3, and therefore decreases defects and stresses in the films. When a 

temperature increase of more than (450) oC note the appeared some of the side 

distractions, it is supposed that the appearance of this behavior due to increased 

collisions between atoms, and thereby increase the defects again, this behavior will 

be at (500) oC. 

4.2.5 Microstrains  

       The amount of microstrain was calculated for all films by using the relationship   

(2-5), values microstrain which is illustrated by fig. 4.6d. 

4.2.6 Dislocation Density  

    The amount of dislocation density is caused by the grain size was calculated by 

using equation (2-6).  Fig. 4.6c,  the relationship between the density of dislocation 

and the        Mg-content in the films. It is noticed that the value decreases with 

increasing impurities, which means a decrease dislocations (increase crystallite size). 

This means improving the crystal structure, as is illustrated by the mathematical 

relationship between them, as appropriate density of dislocation inversely with the 

square the crystallite size. But when you continue to increase the impurities more 

than the percentage (30)% impurities become a new defects leading to an increase in 
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the density of dislocation. In addition, the transfer from the hexagonal wurtzite type 

crystal structure into mixed structure at high percentages of impurities  (50 and 70)%.   

      In the ratios which are greater than (70)% are transferring from mixed phase to 

the cubic rock salt phase. As for the effect of temperature too is clear, when the 

temperature increases, there is less dislocation density as shown in fig.4.6d. The 

number of layers are calculated from the thickness and grain size.  

      It is noted that the number of layers are changed with Mg-content in random way. 

It believes that the substrate temperature and droplet size plays a great role in this 

random change.  

4.3 Atomic Force Microscopy  

     The study of film surfaces is deposited important to recognize how the distribution 

and arrangement of atoms on surfaces, and get to know the differences or  

homogeneity properties or attributes relating to each atom separately, can through 

microscopic analysis AFM study the effect of the parameters (thickness, temperature, 

method of preparation etc.) on the properties of film material deposited.  

      As well as analysis of the AFM can calculate the thickness of film, roughness and 

grain size, and gives an illustrative picture of the distribution of the particle size of 

the crystal on the surface rate. The three dimensional (3-D) AFM images and 

granularity accumulation distribution charts for ZnO pure and mixed MgO deposited 

on glass substrates with different Mg-contents(0,30,50,70, and 90)%, and varies 

substrate temperatures (400,450,and 500)oC as shown in figs.(4.7,4.8,and 4.9) 

respectively.  

      The shapes shown 3-D, granularity normal distribution and appearance, graphic 

granular aggregates formed in the film and grain boundaries of mixed MgxZnO1-x thin 

films.   

       The white  areas in this figure represent the formation of agglomerated grains one 

on the top of the other. In these areas, it is supposed that the neighboring grain comes 

together form large groups. So grain in white areas are larger compared with other 
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grains. From all of these interpretations, the film growth mechanism is thought to be 

formed firstly layer by layer and then island growth type [118].   

      All the AFM images were measured over an area of (2000×2000) nm2. The 

average grain size of the particles is in nanoscale. Average diameter,  total  grain size 

,surface thickness, roughness, and root mean square (RMS)  values were listed in 

table 4.5. 

      Figs.(4.7,4.8,and 4.9) shows a 3-D images of the pure  ZnO films, (400,450, and 

500)oC where it is noticed that the topography of the surface and the appearance of 

grain has been formed on the surface of the films, and these images, are found that 

the surface thickness equal to (12,13.58,and 19.29)nm, respectively these values  

represents the thickness of the film surface roughness, which represents the highest 

granular crystalline peaks on the surface, also note the regularity of growth in the 

film, knowing that grained arrangement vertically to the axis of crystallization 

varying heights.  

      Through the figure was found that the average roughness equal to (0.654,1.46, and 

1.98) nm,respectively. As it turns out that the average value of the (RMS) equal to 

(0.754,1.71,and 2.28)nm, respectively because they represent (the highs and lows 

space squared divided by all numbers under the square root) and this values is 

interpreted as the highest surface roughness (RMS) which is signified  by the increase 

in surface roughness of the film. The figs.(4.7,4.8,and 4.9) on the right side drawing 

chart the distribution of grain aggregates of  ZnO film surface.  

It has been found that the average diameter equal to (90.19,76.12,and 97.48) nm 

respectively, and the graph shows how the distribution of aggregates grain sizes on 

the surface of the film of certain percentages.    

 

 

      The figs.(4.7,4.8,and 4.9) shows AFM images of the surface of the MgxZnO1-x thin 

films increase Mg-contents (30 to 90)%, showed the following results: 
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 Diameter average decreases with increasing Mg- contents in low ratios and 

increases at high Mg-content ratios and have the same behavior for the total grain 

number at the temperature of (400) °C, either at a temperature of  (450, and 500) 

°C  be  behavior an opposite, see table 4.5. 

 Large grain growth with increasing Mg-content leads to an increase in surface 

roughness and this clearly shows at (400) oC, but this behavior is the opposite at 

high temperatures (450, and 500) oC as shown  in table 4.5. Increases (RMS) with 

increase the Mg-contents in the films at substrate temperature of(400) oC, and the 

average of roughness exhibits the same behavior, while at substrate temperatures              

(400,and 500) oC decreases (RMS). 

 Decrease the thickness of the surface with increasing Mg-contents at substrate 

temperatures (400, and 450) oC, while the note to increase the surface thickness 

randomly at substrate temperature (500) °C. 
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Table 4.5: Average Diameter,Total Grain No., Surface Thickness, Roughness 
Average  and Root Mean Square for MgxZnO1-x Thin Films at Mg-Contents 

(0,30,50,70, and 90)%, and at Substrate Temperatures (400, 450,and 500) oC. 
 

 
 
 
 
 
 

 
Glass Substrate 

 

 
C , Thickness = (80)nmo=(400)  sT 

Content (x) Average 
Diameter 
(nm) 

Total Grain No. 
(nm) 

Surface 
Thickness 

(nm) 

Roughness 
Average (nm) 

Root Mean 
Square (nm) 

ZnO (pure) 90.160 185 12.00 0.654 0.754 
0.7ZnO0.3Mg 76.350 208 11.54 3.240 3.800 
0.5ZnO0.5Mg 68.540 273 3.55 1.000 1.170 
0.3ZnO0.7Mg 121.300 064 2.16 2.420 2.750 
0.1ZnO0.9Mg 109.670 126 3.30 0.957 1.100 

  

Glass Substrate 
 

 

C , Thickness = (80)nmo=(450)  sT 

Content (x) Average 
Diameter 

(nm) 

Total Grain No. 
(nm) 

Surface 
Thickness 

(nm) 

Roughness 
Average (nm) 

Root Mean 
Square (nm) 

ZnO (pure) 76.120 279 13.58 1.460 1.710 
0.7ZnO0.3Mg 103.640 163 3.48 0.485 0.573 
0.5ZnO0.5Mg 92.610 189 5.15 0.898 1.040 
0.3ZnO0.7Mg 101.880 147 3.11 0.528 0.610 
0.1ZnO0.9Mg 81.550 136 3.84 0.653 0.533 

  
Glass Substrate 

 
 

 
C , Thickness = (80)nmo=(500)  sT 

Content (x) Average 
Diameter 

(nm) 

Total Grain No. 
 (nm) 

Surface 
Thickness 

(nm) 

Roughness 
Average (nm) 

Root Mean 
Square (nm) 

ZnO (pure) 97.480 157 3.39 1.980 2.280 
0.7ZnO0.3Mg 93.390 172 19.29 1.920 2.230 
0.5ZnO0.5Mg 75.550 231 6.62 0.788 0.899 
0.3ZnO0.7Mg 73.560 280 13.95 0.380 0.434 
0.1ZnO0.9Mg 78.090 237 4.99 0.465 0.533 
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Fig. 4.9: 3-D AFM Image and Granularity Accumulation for MgxZnO1-x with              
Mg-Contents (0,30,50,70, and 90)%, and at Substrate Temperature (500) oC. 

4.4 Optical Properties for MgxZnOx-1 Thin Films 

      Properties were studied optical pure ZnO and mixed MgxZnO1-x thin films with 

different Mg-contents (0,30,50,70, and 90)%, prepared on glass substrates and under 

Co500  )ZnO (pure     
 

Co500   0.7 ZnO 0.3Mg           
 

Co500   0.5 ZnO 0.5Mg            
 

Co500    0.3 ZnO 0.7Mg                  
 

C      o500   0.1 ZnO 0.9Mg                  
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different temperatures (400,450, and  500) °C, by using  (CSP) technique  under a 

fixed preparation conditions. Transmittance, absorbance and reflectivity have been 

studied in the spectral range of (300-700)nm, and depending on the above 

characteristics have been identified some of the following optical constants: Optical 

energy gap (Eg), refractive index (n), extinction coefficient (ko), real part (r) and  

imaginary part (i) for dielectric constants.  

4.4.1  Messurements of Transmission Spectrum for MgxZnO1-x Thin Films 

      The optical properties of the MgxZnO1-x thin films nanostructures were studied by 

UV–Vis absorption spectroscopy. Fig.4.10 shows the room temperature optical 

absorption spectra of  pure ZnO and MgxZnO1-x thin films nanoparticles. Mg mixing 

shifts the absorption onset to (368–350) nm of  Mg-content from (0 to 90)%, 

indicating an increase in the energy  gap from (3.18 to 3.31) eV.  

      The shifts in the optical energy gap in ZnO caused by mixing with Mg ions are 

shown in fig. 4.10a. The increase of energy gap is attributed to the decrease of 

particle size of MgxZnO1-x thin films nanoparticles, and also due to the influence of 

mixed ions. Moreover, with the increase in Mg-content, the band edge shifts toward 

the lower wavelength (higher energy) side.  

      The results of the energy gap are similar behavior  into [119].The transmittance 

spectra of the mixed  MgxZnO1-x thin films in the spectral range of  (300-700) nm are 

compared as a function of Mg-content (x), as shown in fig.4.10a. The average 

transmittance in the wavelength of visible region (430-700) nm varies between          

(65-74)% , for x=0, pure ZnO at substrate temperature (400)oC.   

      Displacement toward the shorter wavelength with increasing Mg-content clearly 

reflects the merger of Mg in the lattice of ZnO, indicating that the optical energy gap 

expanded with the addition of Mg regardless of crystallisation, are similar behavior  

into [14,39].  

      The transmittance at wavelength (430) nm was about (77)% at x=(30)% which 

increases to (90)% for x=(50)%, but then decreases to (83)% for x=(90)% and shifts 

towards wavelengths the lowest. The initial increase in transmittance could probably 
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be due to the increasing crystallinity of  ZnO. The decrease in transmittance for  

x=(90)%  may probably be due to the increasing Mg-content and temperature is not 

enough to move the atoms to the their original positions.  

      It is also noted that the best transmittance of  the mixed thin films was at x=(50)% 

Mg0.5ZnO0.5. But when the temperature (450)oC, the average transmittance in the 

visible region of the wavelength was (76-82)%  x=0, pure ZnO, as shown in 

fig.4.10b.  

      The transmittance at wavelength (430) nm was about (43)%  at x=(30)% , which 

increases to (81)% for x=(50)%. Continue to increase with increasing concentrations 

of MgO in the films and up to (94)% when the concentration ratio (90)%.  The 

increase in transmittance  due to increase the Mg-contents attributed to increase in 

temperature, which leads to increased crystallization and thereby increase the 

transmittance. It is noted that the best transmittance of  the mixed thin films was at 

x=(90)% Mg0.9ZnO0.1 thin films.  

      It is observed from the fig.4.10b, that the optical transmittance increases slightly 

with increasing the substrate temperature. These changes in the transmittance are 

associated to the increase in carrier concentration. The same behavior occurs at 

substrate temperature of (500) °C, as shown in the fig. 4.10c, and the best temperature 

is (450) °C in order to obtain a higher absorption coefficient. 
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Fig.4.10: Transmittance as a Function of  Wavelength for MgxZnO1-x Films Prepared 
in Various Mg-Contents (x), at Substrate Temperatures,( a=400 ,b=450, and c=500) 

oC. 

4.4.2 Messurements of Absorbance Spectrum for MgxZnO1-x Thin Films 

         Optical transmission and absorption spectra depend on the chemical 

composition, crystal structure, energy of the incident photon, film thickness, and film 

surface morphology. The absorption spectra of the mixed MgxZnO1-x thin films in the 

spectral range of (300-700) nm are compared as a function of Mg-content (x) as 

shown in fig.4.11a.  

       The average absorbance for the wavelength in visible region (430-700) nm varies 

between (0.186-0.128)%, for x=0, pure ZnO.  For x=(30)% Mg0.3ZnO0.7 thin films the 

absorbance varies between (0.112-0.068)%, these results are similar behavior into 

[45].  

      For x=(50)% the absorbance which more decreases. This increase was caused by 

the increasing crystallity of ZnO as has been confirmed in structural studies. While 
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for x=(90)% the absorbance which also decreases, this may probably be due to 

increasing Mg- content. From the fig.4.11 note that the increasing of Mg-content (x) 

leads to decreasing in absorbance in the visible region. Considered as temperature of 

the important contributing factors to the arrangement of atoms within the crystal 

structure, when the temperature of (450)°C, it is increased absorbance as shown in 

fig.4.11b  is an indication of reduced crystalline defects and increase the regularity of 

the lattice due to the effect of temperature.  

      The average absorbance for the wavelength of visible region(0.119-0.088)%  for 

x=0, pure ZnO. For x=(30)% Mg0.3ZnO0.7 thin films the absorbance varies between 

(0.351-0.161)%. Concentration ratio has been characterized (30)% as it was with high 

absorbency compared to other ratios. This interesting feature may be related to the 

solubility of Mg-atoms in the ZnO structure and may point to an increase in the 

localized impurity levels in the energy  gap of ZnO as the concentration of Mg is 

raised.  

      Note that the remaining ratios increased compared to the temperature (400) °C 

with the exception of focus ratio (90)%  and this may be due to the preparation 

technique or due to crystal defects within the energy gap. At a temperature of (500) 
oC, absorbance fall further due to increased transmittance, and the reason is the low 

absorption coefficient and by the relationship (2-10), as shown in fig. 4.11c.  
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Fig.4.11: Absorbance as a Function of Wavelength for MgxZnO1-x Thin Films 
Prepared in Various Mg-Contents (x),at Substrate Temperatures (a=400,b=450,and 

c=500) oC. 

4.4.3 Messurements of Reflectance Spectrum for MgxZnO1-x Thin Films 

       Figs.(4.12a,b,and c) show the reflectance (R) for pure ZnO and mixed MgxZnO1-x  

thin films  at different Mg-content, at substrate temperatures (400,450 ,and 500) oC, 

and constant thickness.  It is found that higher reflectivity of ZnO films when 

absorption edge (380)nm  and then decreases with increasing of wavelength, at 

(450)nm the reflectance tends to saturation at high wavelengths. At substrate 

temperature of (400) oC, it is found that the reflectivity of pure ZnO films decreased 

with increasing wavelength, but when add the Mg-content in the ratios mentioned 

above note initially increase the reflectivity and when increasing the wavelength, it 

reduces.  

      But in general, increasing the reflectivity of the  MgxZnO1-x thin films compared 

with pure ZnO films, and tend to saturation at high wavelengths as shown in 
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fig.4.12a. Vary the reflectivity increases and decreases when the substrate 

temperature (450)oC depending on the preparation of films and the deposition 

technique, as shown in fig.4.12b. At (500) oC note the greatly increased of reflectivity 

pure ZnO films as shown in fig.4.12c, and this increase is due to reduce defects and 

increase crystallizing and therefore less surface roughness, either in the MgxZnO1-x 

note decreased the reflectivity with increase Mg-content and this is due to increased 

acceptor positional levels within the energy gap which leads to the widening  gap. 

 

 

 
 

 

Fig.4.12: Reflectance as a Function of Wavelength for MgxZnO1-x Thin Films 
Prepared in Various M-Contents (x), at Substrate Temperatures(400,450,and 500) oC. 

4.4.4 Measurements of Absorption Coefficients for MgxZnO1-x Thin Films 

       Figs.(4.13a,b,and c) shows the absorption coefficient (α) of the MgxZnO1-x thin 

films with different Mg-contents, at substrate temperatures (400,450,and 500) oC 

determined from absorbance measurements using equation (2-10). The (α) for the  
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MgxZnO1-x thin films was calculated  from equation  (2-10). The  values  of  (α)  for 

pure ZnO and MgxZnO1-x thin films are found  to be  lesser than (104 )cm-1  in  the 

UV-Vis region.  

      The (α) decreased sharply in the visible region, because it is inversely 

proportional to the transmittance. This means that the electronic transitions between 

the valence band and the conduction band directly. The (α) of MgxZnO1-x thin films  

is shown in fig.4.13a, as a function of wavelength, at substrate temperature (400) oC 

the values  of (α) for all thin films are found for wavelength at absorption edge. It is 

noted that the absorption coefficient at absorption edge for pure ZnO film is equal to 

(61×104) cm-1,which decrease randomly with increasing of Mg-content. This can be 

attributed to the expansion of edge absorption can be the result of the effect of 

disorder of grain boundaries and the absence of stoichiometry which it generally 

observed in crystalline materials, or may be due to the absorption of another 

mechanism because the film has a multi-phase structures as mentioned in the 

discussion XRD.   

      But when the substrate temperature (450)oC,  generally low absorption coefficient 

and is attributed to the same reasons mentioned, but when the Mg-content ratio (30)%  

it is seen that there is a large increase in the absorption coefficient it can be taken 

advantage of in important applications and attributed this to increase  absorption edge 

is believed to be this porous sample with high and thus led to increased absorption 

coefficient, or may be a high concentration ratio as shown in fig.4.13b. At substrate  

temperature of (500) oC,it is noted low of absorption coefficient clearly and this 

because of the increased transmittance as shown in fig. 4.13c. 
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Fig.4.13: Absorption Coefficient as a Function of Wavelength for MgxZnO1-x Films 
Prepared in Various Mg-Contents (x), at Substrate Temperatures (a=400, b=450, and 

c=500) oC. 
 

4.4.5  Measurements of the Optical Energy Gap  for MgxZnO1-x Thin Films 

      The optical energy gap can be estimated by calculating the absorption coefficient 

(α)  by applying the Touch equation (2-11) [118] . In order to calculate the energy 

gap of thin films, the plot of (αhν)2 as a function of the energy of incident radiation 

has been shown in figs. (4.14- 4.16),  at substrate temperature (400) oC the optical 

energy gap is obtained from intersect of the extrapolated linear region  of the curve 

with the energy axis.  

      The calculated energy gap value of the pure ZnO is (3.18-3.21) eV, and at (30)% 

Mg-content is found to be around (3.23-3.30) eV at substrate temperatures of 

(400,and  

450)°C, while at  different Mg-contents (50,70, and 90)%, the energy gap value of the 

MgxZnO1-x thin films increased to (3.33,3.35, and 3.37) eV respectively,at(400) oC, 
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with increasing the  Mg-contents, this is due to an increase positional levels within 

the energy gap when increasing the Mg-content these results are similar behavior  

into [14].  

  

 

Fig.4.14:(hυ)2 Versus Photon Energy for MgxZnO1-x Thin Films in Various                 
Mg-Contents (x), at Substrate Temperature (400) oC. 

      At the same contents (50,70, and 90)%, and at substrate temperature (450)°C led 

to lower energy gap when increasing  Mg-content  except  percentage (90)%  as 

shown in fig.4.15 e, it is believed that the reason for this increase is due to the 

samples preparation or the preparation technique.   
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Fig.4.15: (hυ)2 Versus Photon Energy for MgxZnO1-x Thin Films with Mg-Contents 
(0,30,50,70, and 90)%, at Substrate Temperature (450) oC. 

    When the substrate temperature (500)oC, it is noticed that the energy gap of pure 

ZnO  decreases to(3.19) eV due to the lack of crystalline defects led to reduce 

positional levels within the energy gap as shown in fig.4.16a , while at increasing the 

Mg-content we note increase energy gap for MgxZnO1-x  thin films, as shown in 

figs.(4.16b,c,d, and e).  
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Fig.4.16:(hυ)2 Versus Photon Energy for MgxZnO1-x Thin Films with Mg-Contents 
(0,30,50,70, and 90)% at Substrate Temperature (500) oC. 

4.4.6 Messurements of Refractive Index for MgxZnO1-x Thin Films 
 

      The refractive index (n) is the ratio between the speed of  light in vacuum to its 

speed in material which doesn’t  absorb this light. The  (n)  was calculated  from the 

relation (2-15). The values of (n) versus  wavelength (λ) shown in figs.(4.17 a, b, and 

c).     
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       From these figures the maximum  value  of (n)  for all  thin  films  is  

approximately equal  to  a value (3.15). Figures below shows the changes of (n) for 

the pure ZnO and      MgxZnO1-x thin films at different substrate temperatures. For all 

samples the (n) increases with the increasing of wavelength in the visible region in all 

substrate temperatures (400,450,and 500) oC. The (n) decreases when increasing the 

Mg-content in the films when the substrate temperature (400) oC, as shown in the  fig. 

4.17a. But the (n) increases when increasing Mg-content in the films when the 

substrate temperatures (450,and 500) oC, as shown in the figs.(4.17b, and c). This is 

due to the reflectivity where it decreases with increasing substrate temperatures from 

(450 to 500) oC.  

 

 
 

Fig.4.17: Refractive Index  as a Function of Wavelength for MgxZnO1-x Films in 
Various Mg-Contents (x), at Substrate Temperatures (a=400, b=450, and c=500) oC. 
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shows the (ko) as a function of wavelength () for different temperatures of pure ZnO 

and MgxZnO1-x thin films. It's clear from the figure  that the (ko) has the same 
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within the energy gap so decrease the (ko) values in the pure ZnO. Also shows the 

effect of concentration of MgO on the (ko) values. When the temperature increased to 

(450) oC leads to increased (ko) values with increasing Mg-content. In general, it is 

noted that the  maximum value of (ko) when the absorption edge and then decrease 

sharply when the visible region of wavelengths, and when increasing the Mg-content 

shifted absorption edge toward shorter wavelengths(i.e.,high-energy). The (ko) when 

the substrate temperature (500) oC  is reduced to increase the  Mg-content, and this is 

very clear due to lower (). 

 

 

Fig.4.18: The Extinction Coefficient as a Function of Wavelength for MgxZnO1-x 
Thin Films in Various Mg-Contents (x),at Ts (a=400, b=450,and c=500) oC. 

4.4.8  Messurements of Real and Imaginary Dielectric Constant for MgxZnO1-x 
Thin Films 

      Real and imaginary parts of dielectric constants were determined using  the 

equations (2-19, and  2-20) respectively. The  plots  of real ( εr) and imaginary (εi) 

dielectric constants of thin films with different MgxZnO1-x thin films values are 

illustrated in figs.(4.19 a1,b1,c1, and 4.20 a2 ,b2 ,c2). The figures shows that the 

behavior  of (εr) with wavelength (λ) was similar to the (n)  behavior. And increase its 

value to the maximum value when the visible  region  are in the range of (9.89-10.31) 
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to pure ZnO, when the temperature (400) oC and increases its value at high 

temperatures, as shown in   figs.(4.19 a1,b1,and c1). When mixing  Mg-content with 

ZnO and when the substrate temperature (400) oC (εr)  decreases.  

      The  wavelength  of  the maximum value  shifted  toward shorter wavelength 

(high energy) with increasing Mg-content. But all these values located in the visible 

spectrum in the region which does not absorb the photon. When the substrate 

temperature increased to (450) oC increases the (εr) value and this is attributable to 

the increase in the (n). But when the substrate temperature (500) oC it is noticed that 

the (εr) decreases and therefore behave as (n).  

      Figs.(4.19 a2, b2, and c2) shows  the behavior  of (εi) vs.(λ) for  all Mg-content 

values. The behavior of (εi) is like behavior (ko) and the maximum values of (εi) 

change with Mg-content and also substrate temperatures (400,450, and 500) oC, while 

(λ) values of its maximum are nearly constant  with change Mg-content. From the 

above, it is noted that the increase in the proportion of Mg-content to re-arrange the 

localized state causing an increase in material conductivity on the account of 

decreases in real dielectric constant. 
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Fig.4.19: Variation of  r and i as a Function of  Wavelength for MgxZnO1-x Thin 

Films with Mg-Contents (0,30,50,70,and 90)%, at Substrate Temperatures (a1, 
a2=400, b1, b2=450, and c1,c2= 500) oC. 

 
 

4.5 Photoluminescence for MgxZnO1-x of Investigation Temperatures 

      Photoluminescence (PL) spectra obtained from pure ZnO and MgxZnO1-x thin 

films deposited on glass substrate by (CSP) technique with different Mg-content, at 

substrate temperatures (400,450,and 500) oC, and at a fixed nitrogen pressure of (4.5) 

bar  is  

shown in fig.4.20.  
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corresponding to (2.767,2.766,and 2.775) eV respectively. It is interesting to note that 

the ZnO film deposited at substrate temperature of (400) oC observes only strong 

ultraviolet emission. The third  intensity the (DLE) centers of the ZnO films are 

(537,536,and 535) nm corresponding to (2.309, 2.313, and 2.317) eV respectively.    

      However, the two ultraviolet emission in the present search is obtained from a 

nanocrystalline (polycrystalline) ZnO film deposited by a simple (CSP) method. It 

implied that the (DLE) has no relation with the crystalline defects like grain 

boundaries or dislocations. It is understood that the (DLE) is probably relative to the 

variation of the intrinsic defects in ZnO films, such as Zinc vacancy VZn, oxygen 

vacancy Vo, interstitial Zinc Zni, interstitial oxygen Oi, and antisite oxygen OZn. 

Different intrinsic defects correspond to various excited energies in (DLE) 

[120].When mixed MgO with ZnO concentrations (0,0.3,0.5,0.7,and0.9) 

corresponding to substrate temperatures     (400,450, and 500)oC respectively as 

shown in figs. (4.21 a, b, and c).  

      At substrate  temperature of  (400)oC was the intensity corresponding to the         

Mg-contents above are (349.5,348.5,350,350.9,and 349.9) nm corresponding to the 

(3.547, 3.558 ,3.542 ,3.533, and 3.543) respectively. The maximum intensity when 

the Mg- content ratio (30)%. The (DLE) centers in second intensity of the MgxZnO1-x 

thin films deposited at substrate temperature (400)oC is (448,446.7,446,449.1,and 

445.9) nm corresponding to (2.767,2.775,2.78,2.761,and 2.78) eV respectively.   

      The third intensity the (DLE) centers of the MgxZnO1-x thin films are   

(537,537,546,537,and 538) nm corresponding to (2.30,2.309,2.313,2.309, and 2.305) 

eV respectively, as shown in fig.4.21a.  It is observed that  the same behavior for 

substrate temperatures (450 and 500) as shown in the formats (4.21b and 4.21c) .  

      But was the maximum intensity of the ratio Mg-content (90)% emitted from the 

surface at substrate temperature of (500) oC. These results are similar behavior into 

[26,121]. 
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Fig.4.20:PL Spectra of  ZnO Thin Films at Substrate Temperatures                       
(400,450, and 500)oC. 
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different substrate temperatures will be presented. These properties include the D.C 

electrical conductivity measurements to identify resistant films and activation energy, 

and also the Hall effect which gives information about the resistivity,conductivity, 

mobility of carriers, Hall coefficient, density of carriers and type of conductivity.  

4.6.1  Direct Continuous Electrical Conductivity of ZnO, and MgxZnO1-x Thin 

films 

      The D.C conductivity of  MgxZnO1-x thin films as a function of 1000/T, at 

substrate temperatures (450,and 500)oC with different Mg-contents (0,30,50,70, and 

90)% have been investigated. All of the films prepared at substrate temperature (450) 
oC, showed that a resistivity varied in the range (13.44-2.38×105) Ω. cm 

corresponding to the           Mg-content, are similar behavior into [42].  Finally the 

films prepared at substrate temperature (500) oC exhibit that a resistivity varied in the 

range (1.71-1.47×103) Ω. cm.  

       This refers to a major change has occurred in the materials  with the increase of  

Mg-content in the films. It is well known that pure  ZnO is an n-type semiconductor 

with a low electrical resistivity. Hence, the electrical restitution in films is probably 

related to the formation of Mg involving complexes and the generation of native 

defects acting as acceptors. σD.C increases with increasing substrate temperature, this 

means that the MgxZnO1-x thin films have negatived thermal coefficient of resistivity 

and this is an essential property of semiconductors.  

4.6.2 The Activation  Energy of ZnO, and MgxZnO1-x Thin films 

       Fig.4.22 shows activation energy of ZnO, and MgxZnO1-x thin films are 

calculated from lnσD.C versus(1000/T)with different Mg-content,at substrate 

temperature (450) oC.     

      From this figure it is noted that the films possess of two activation energy depend 

on Mg-content. This means there are two mechanisms for conductivity. The 

activation energy depends on the mixing ratio and it will   increase  with increasing 

mixing  until it reaches a certain value , then began to decrease. Its depends on the 

donor or accepter carrier concentration and the impurity of energy levels. An increase 
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in donor carrier concentration brings the Fermi level up in the energy gap and results 

in the decrease of activation energy these results are similar behavior  into [42].  

      The activation energy is obtained for these films as shown in fig. 4.23, which 

calculated from the slope of lnσD.C versus 1000/T. From this figure that films  owns 

two activation energy depend on Mg-content ratios. This means there are two 

mechanisms for conductivity. whereas that activation energy in the low range 

temperature depends on the ionization impurity and at high range temperature 

depends on the generation of electron-hole pairs. Table 4.6 shows that the value of 

Ea1 is smaller than values of  Ea2. 

        This indicates that the conductivity depends on the temperature where σD.C 

directly proportional to T3/2.  The activation energy decrease with increasing Mg-

content in the films, then began to decrease with increasing substrate temperature 

to(500) oC as shown in fig. 4.23. The activation energy decrease with increasing Mg-

content ratios, with the exception of high percentages we note that it increases as 

shown in the table 4.6. 

 

Table 4. 6: Activation Energies  for MgxZnO1-x Thin Films at Different  Mg-Content 
of (x), and Substrate Temperature (450) oC. 

Temp. Range 
(oC) 

Ea2  
( eV) 

Temp. Range 
(oC) 

Ea1 

( eV) 
Sample 

(90-200)  0.07900 (25-90) 0.01470 ZnO(pure)  

(90-200)  0.02609 (25-90) 0.00973 Mg0.3ZnO0.7 

(90-200)  0.06681 (25-90) 0.02093 Mg0.5ZnO0.5 

(90-200) 0.30174 (25-90) 0.07738 Mg0.7ZnO0.3 

(90-200) 0.53854 (25-90) 0.14972 Mg0.9ZnO0.1 
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Fig.4.2 2: lnD.C Versus 1000/T for MgxZnO1-x Thin Films with Mg-Contents       
(0,30,50,70, and 90)%,  at Substrate Temperature (450) oC. 

 
 
 
 
 
 

 

Fig.4.23: lnD.C Versus 1000/T for MgxZnO1-x Thin Films at Different Mg- Contents 
(0,30,50,70, and 90)% at Substrate Temperature (500) oC.   

4.6.3 Hall Effect Measurements of ZnO, and MgxZnO1-x Thin films  

       The resistivity of the MgxZnO1-x thin films by (CSP) technique decreases linearly 

with increasing temperature indicating the semiconductor behaviour. The electrical 

resistivity(ρ) of the MgxZnO1-x thin films (semiconductor material), their electrical 

conductivity(σD.C), carrier mobility(µH), Hall coefficients (RH), carrier concentrations, 

and the type of the charge carrier have been calculated from Hall measurements. Hall 

measurements indicate that the MgxZnO1-x thin films have two types of conductivity, 

pure ZnO show n-type conductivity ,and the films which have contents (0,30,50,70, 

and 90)% show p-type conductivity.  

      Hall coefficient (RH) have been calculated from Hall measurements, at substrate 

temperature (400) oC, was their value is  negative for pure ZnO. (RH) and carrier 

concentration are calculated from equation(2-36) and the value of (RH) increases with 

the increasing of Mg-content in the films, and the values of carrier concentration 

decrease with the increasing of Mg-content in the films. Hall mobility is calculated 

from the product of the conductivity and Hall coefficient according to equation (2-

37). It can be seen that the Hall mobility increases randomly with the increasing of 

Mg-content in the films at (400)oC.   At high temperatures (450, and 500) oC can 

observe the increases and decreases  randomly in (n and µH) with Mg-content 

increase. The overall variation in (n and  μH) can be understood in terms of the 

position of MgO in the ZnO lattice. The ZnO film generally grows as an n-type 

semiconductor, due to the presence of native defects in the form of Zinc interstitials, 
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oxygen vacancies, or both. A decrease in (μH) at mixing concentrations may be due to 

the interstitial occupancy of MgO in the ZnO lattice. The presence of  MgO at 

interstitial sites and grain boundaries in the form of oxide, besides decreasing grain 

size, may act as scattering centers and result in a decrease in the observed mobility at 

mixing concentration.   

      Figs.(4.24a, b, c, and d) show the resistivity, conductivity, mobility and carrier 

concentration as a function of Mg-content for the MgxZnO1-x thin films.  

 

 

 
 

 
 

Fig.4.24: The ρ, σD.C ,µH, and n Versus Mg-Content for MgxZnO1-x Thin Films at 
Different Substrate Temperatures. 

4.7  Characterization of ZnO/n-Si, and MgxZnO1-x/n-Si Photodetector 

      ZnO/n-Si and MgxZnO1-x/n-Si are prepared by(CSP) technique. The structural, 

optical and electrical properties of ZnO/n-Si, and MgxZnO1-x/n-Si  have been studied 

for different Mg-contents(0,30,50,70,and90)%, at substrate temperatures 

(400,450,and 500)oC. 

4.7.1 Surface Morphology Properties of ZnO/n-Si, and MgxZnO1-x/n-Si 
Photodetector 

      The effect of mixing ratios were studied and temperature change on the structural, 

and  surface  morphology characteristics  for the pure ZnO/n-Si, and MgxZnO1-x/n-Si.  

4.7.1.1  Field Emission Scanning Electron Microscopy for MgxZnO1-x/n-Si 
Photodetector 

        The MgxZnO1-x/n-Si Photodetector were measured nanostructure in the Islamic 

Republic of Iran/ University of Tehran/ Razi foundation. Surface morphologies of 

(FESEM) images and their corresponding (EDX) spectra at different Mg-content 

(0,30,50,70 and 90)%, at substrate temperature (450) °C are shown in  figs.(4.25 A,B, 

and C- 4.26 D, and E) respectively, were all fixed thickness of the films (80) nm.   
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      In addition, the measurement of concentration ratio of (30)%, at substrate 

temperatures (400, 450, and 500)°C (best ratio of concentration). The morphology of 

the surface of pure  ZnO is a nanostructure cannot determine its kind, as irregular in 

shape, as shown in fig.4.26A. From the (FESEM) images the grain size values  are 

found to be in the range of  (30-63)nm. When you add certain compensatory ratios of  

Mg-content into ZnO reduced surface roughness gradually as shown in figs.(4.25 B, 

and C- 4.26 D, and E). Decrease the grain size in the range of (26-54,21-43,26-

58,and15-24)nm corresponding to the concentrations of Mg-contents (30,50,70, and 

90)%, respectively. These values were compared with the results of XRD, as shown 

in table 4.7. At different substrate temperatures (400,450,and 500)oC, notice that the 

grain size increase in the range of (21-37,26-54,and 27-33)nm, respectively to 

concentration (30)% of               Mg-content, as shown in table 4.8, and 

figs.(4.27A,4.25B,and 4.27C) ,these results are similar behavior  into [26]. Grains 

with large sizes of (100) nm and above represent drops of material deposited in the 

film, which is considered as a latent defect in the film and this seems obvious when 

the ratio (90)% of Mg-content. 
 

 

 

 

Fig.4.25: FESEM and EDX for MgxZnO1-x /n-Si Photodetector for Mg-Contents             
(0,30,and 50)% Prepared, at Substrate Temperature(450) oC. 

 

 

 
 

Fig.4.26: FESEM and EDX for MgxZnO1-x/n-Si Photodetector  for Mg-Contents                   
(70, and 90)%  Prepared, at Substrate Temperature(450) oC. 
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Table 4.7: Comparison between the Crystillite Size Calculated  from (XRD) and 
(FESEM) Analysis for MgxZnO1-x/n-Si Photpdetector. 

 
Substrate Temperature(450) oC 

Contents Crystallite Size Calculated 
from (XRD) (nm) 

Grain Size Calculated from 
(FESEM) Images (nm) 

ZnO(pure) 47.30 30-63 

Mg0.3ZnO0.7 52.00 26-54 

Mg0.5ZnO0.5 31.60 21-43 

Mg0.7ZnO0.3 37.76 26-58 

Mg0.1ZnO0.9 38.20 15-24 

 
Table 4.8: Comparison between the Grain Size Calculated  from (XRD) and 
(FESEM) Analysis for Mg0.3ZnO0.7/n-Si Photpdetector at Different Substrate 

Temperatures.                 
 

 

Table 4.9: Compound Percentage of the MgxZnO1-x  /n-Si Photpdetector. 

MgO- Compound Percentage ( % ) Total 

(30)% Mg- Content  

Substrate 
Temperature (oC) 

Crystallite  Size Calculated 
from (XRD) (nm) 

Grain Size Calculated from 
(FESEM) Images (nm) 

400  42.06 21-37 

450  52.00 26-54 

500  48.94 27-33 
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Contents Si N O Zn Mg 

ZnO (Pure) 73.16 4.64 12.26 9.94 0 100 

Mg0.3ZnO0.7 72.29 6.82 10.55 6.64 3.70 100 

Mg0.5ZnO0.5 74.09 3.92 11.60 3.55 6.84 100 

Mg0.7ZnO0.3 73.67 4.57 11.66 1.40 8.70 100 

Mg0.9ZnO0.1 73.18 4.69 12.16 0.52 9.45 100 
 

 

 

 

Fig.4.27: FESEM and EDX for Mg0.3ZnO0.7/n-Si Photodetector for Mg-Content  
Prepared, at Substrate Temperatures(400,450,and 500) oC. 

 
 

4.7.1.2  Elemental Analysis for MgxZnO1-x/n-Si  Photodetector 

     The energy-dispersive X-ray analysis spectra (EDX) of the MgxZnO1-x/n-Si 

heterojunction deposited on silicon substrate at (450)oC by (CSP) technique with 

different Mg-contents  (x = 0, 30, 50, 70, and 90)%  are given in figs.(4.25 a, b, and 

c-4.30 d , and e).  Among the above ratios, the ratio (30)% is the best, when 

measuring the concentration ratio mentioned at different temperatures was the best 

temperature is  (450) oC. Which show that all the films contain the elements (Si, N, 

O, Zn, and Mg) as expected, indicating formation of the MgxZnO1-x/n-Si 

photodetector.  

      Fig. 4.25a  shows the (EDX) spectra of the (pure)  ZnO film and it reveals that the 

compound percentage for the (Si, N,O, and Zn) are (73.16, 4.64 ,12.26, and 9.94) 

respectively. Fig.4.30b depicts the (EDX) spectra of the Mg0.3ZnO0.7/n-Si 

photodetector with compound percentage for the(Si,N,O,Zn, and Mg) are 

(72.29,6.82,10.55,6.64,and 3.70) respectively these results are similar behavior into 

[122].The remaining percentages listed in table 4.9, figs.(4.27a ,4.25b, and 4.27c) 

shows the temperature change for the best ratio (30)%, the best temperature is (450) 
oC.  

       The (EDX) spectrum for all films are clearly observable (SiK ,ZnL, MgK, 

OK and NK lines). Lines did not show ZnK, ZnK in the (EDS) spectra. The 
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adhesion between the MgZnO species and the Si substrate was strong , resulting in 

higher growth speed in the vertical direction, was the reason why the grain size of 

MgZnO nanoparticles was lower than those on the Si [123]. Which led to increase the 

intensity of spectral lines by adding  Mg-content. 

4.7.2 Optical Properties for MgxZnO1-x/n-Si Photodetector 

      It included the optical properties of the hetrojunction on the photoluminescence 
measurements.  

 
 
4.7.2.1 Photoluminescence for MgxZnO1-x/n-Si Photodetector 

      PL spectrum of the pure ZnO/n-Si, and mixing MgxZnO1-x/n-Si with different  

Mg-content , thin films deposited at substrate temperatures of (400,450,and 500) ºC 

for ratio Mg-content (30)% only, and at nitrogen pressure of (4.5) bar as shown in 

figs.(4.28,and 4.29).  

       In all the samples (pure and mixed) there are three luminescence peaks, first peak 

is the UV emission corresponding to the near  band edge emission (NBE), as shown 

in table 4.9. The increasing Mg-content lead to increase in PL intensity peaks is 

observed, but decrease when  preparation temperature the films increase , and this is 

attributable to the increase of oxygen vacancies in the films, as well as decreasing the 

temperature of preparation the films. a broad peak was  observed  high- energy in  

UV region (first emission) as shown in fig.4.28.  

       The PL emission might have close relation with the luminescence  photoinduced 

electrons and holes, which possibly resulted from the no-integrality of nano-sized 

MgxZnO1-x/n-Si such as the lattice distortion and surface oxygen vacancies. However 

in MgxZnO1-x/n-Si photodetector,  the broad band UV emission at (3.538) eV as 

shown in table 4.10 this luminescence could be due to the  excitons in the charge 

transfer process. Second luminescence peak is in the visible spectrum (Vi) region (i.e. 

lower energy) the smaller value of PL peak could be assigned to radiated 

recombination of electrons and holes trapped in the band-tail states.  
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       A broadband peaked at (447.3) nm was observed this energy emitted at (2.772) 

eV at (400) oC, and which are issued by the deep level emission (DLP) for 

Mg0.3ZnO0.7/n-Si films. Third luminescence peak is also a broadband peaked at 

(542.5) nm was observed this energy emitted at (2.285) eV at (400) oC, and which are 

issued by the  deep level emission (DLP) for Mg0.3ZnO0.7/n-Si photodetector. The 

same behavior for temperatures (450,and 500) oC. Fig.4.29 shows PL spectra for 

MgxZnO1-x/n-Si photodetector with different  Mg-content at substrate temperature 

(450)oC.  

      They have the same behavior there is no need to repeat of speech former, table 

4.11 shows three emission peaks, these results are  semelar behavior into[26,121].  
 

 
  

        ,%)30(ontentC-with Mg todetectoroPhSi -n/7.0ZnO3.0pectra of MgSPL  :284.Fig.
           at Different Substrate  Temperatures. 

 
 
 

 
  ontents C-Mg ifferentDwith  todetectoroPh Si-n/7.0ZnO3.0Mg pectra ofPLS :294.Fig.

C.oemperature (450)T Substrate  at ,(0,30, 50,70, and 90)%             
 

Table 4.10: Wavelength and Energy values of Photoluminescence  Peaks for 
Mg0.3ZnO0.7  /n-Si Phtodetector, at Different Substrate Temperatures and  (30)%         

Mg-Content. 

 
Table 4.11: Wavelength and Energy Values of Photoluminescence Peaks for 

MgxZnO1-x/n-Si Phtodetector, at Different Mg-Content, and  Substrate Temperature 
(450)oC. 

 
Substrate 

Ts 
(oC) 

 
Mg- Content 

 

First 
Emission 

Wavelength 
(nm) 

First 
Emission 
Energy 

(eV) 

Second 
Emission 

Wavelength 
(nm) 

Second 
Emission 
Energy 

(eV) 

Third  
Emission  

Wavelength 
(nm) 

Third 
Emission 
Energy 

(eV) 

400  Mg0.3ZnO0.7  350.4 3.538 447.2 2.772 542.5 2.285 

450  Mg0.3ZnO0.7  350.9 3.533 446.8 2.775 541.6 2.289 

500  Mg0.3ZnO0.7  351.1 3.531 447.8 2.769 540.1 2.295 
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4.8 Raman Shift for MgxZnO1-x/n-Si at Ts (400, 450 ,and 500) oC. 

       At substrate temperatures (400,450, and 500) oC, and with  Mg-content ratio 

(30)%, there is little difference is to increase the intensity of the peaks and shifted 

slightly to the rightis noticed as shown in  fig.(4.30 400oC,and 450oC), this is due to a 

change of lattice constants  with increasing temperature. While at substrate 

temperature of (500)oC, the phase separation at same Mg-content ratio and increase 

the intensity of the peak separation is observed as shown in  fig. (4.31500oC) this is 

due to an increase of lattice defects. These results are similar behavior into[124]. 

Raman scatterings fig.4.31 confirmed that synthesized MgxZnO1-x/n-Si samples have 

crystalline nature with hexagonal wurtzite structure, but with obvious structural 

disorder induced by the 

preparation procedure and presence of impurities. The exact peak positions 

(frequency) and (FWHM) of each band were determined by Raman spectrometer. To 

achieve the most accurate deconvolution of the obtained Raman spectra each 

spectrum was divided into three peaks and analyzed separately.      

      Firstly the low-frequency region (468)cm−1 dominated by acoustic overtones, 

secondly the intermediate frequency region (872) cm−1 where optical and acoustic 

phonon combinations occur, thirdly the high-frequency region (1306) cm−1 formed by 

optical overtones and combinations for the pure ZnO as shown in fig.4.38a. The 

intense narrow line at (468)cm-1 E2
high

 first-order ZnO Raman mode-associated with 

the vibration of oxygen atoms, and which dominates the spectra, surely indicates that 

these are the scatterings from the hexagonal modification of ZnO [125].  

 
Mg- Content  

 

First 
Emission 

Wavelength 
 (nm) 

First 
Emission 
Energy  

(eV) 

Second 
Emission 

Wavelength 
(nm) 

Second 
Emission 
Energy 

(eV) 

Third 
Emission 

Wavelength 
(nm) 

Third 
Emission 
Energy 

(eV) 
ZnO/ n-Si 350.0 3.54 446.2 2.779 542.6 2.285 

Mg0.3ZnO0.7 351.0 3.53 446.8 2.775 539.9 2.296 

Mg0.5ZnO0.5 349.8 3.54 448.8 2.762 543.2 2.282 

Mg0.7ZnO0.3 348.2 3.56 448.0 2.767 542.6 2.285 

Mg0.9ZnO0.1 348.1 3.56 445.7 2.782 540.0 2.296 
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       Wurtzite type ZnO belongs to the space group C6v
4  and optical phonons belong to 

the following irreducible representations:  Γopt=A1+E1+ 2E2+2B1. The A1 and E1 are 

polar modes and both Raman and infrared active, E2 are nonpolar and only Raman 

active,  while the B1 modes are silent [125]. Have tilted orientation the two 

longitudinal (LO) modes are expected to interact and create one single mode of 

mixed (A1–E1) symmetry known as quasi-LO mode where (A1–E1) symmetry is (872) 

cm-1, where E1(LO) frequency is expected to show blue shift while A1(LO) is almost 

unaffected by Mg-mixing these results are similar behavior into [126].  

      However, due to the two different crystal structures of the MgxZnO1-x/n-Si end 

members the two oxides do not show complete solid solubility, and an intermediate 

composition range exists in which the thin films  is phase separated into the wurtzite 

and cubic structures. However, due to the two different crystal structures of the           

MgxZnO1-x/n-Si end films the two oxides do not show complete solid solubility, and 

an intermediate composition range exists in which the Thin Films  is phase separated 

into the wurtzite and cubic structures. For the Raman investigation of the domains 

with wurtzite and cubic structures, the Raman selection rules need to be considered.  

       According to the Raman selection rules, the scattering of the LO phonon of ZnO 

with the wurtzite structure is allowed. In contrast, MgO with the cubic rocksalt 

structure has no allowed first order scattering due to the inversion symmetry of the 

crystal. However, defects and impurities can destroy the symmetry which in turn may 

result in first order Raman scattering, a phenomenon that was previously observed in 

MgO.  As can be seen in fig.4.31b, the LO mode is found to shift in frequency with 

Mg-content. Specifically, the LO frequency rises until (30)%  Mg-content, which is 

attributed to the incorporation of Mg into the wurtzite structure. This is expected 

behavior since the LO mode of MgO is (612) cm-1. Above (30)% Mg, the LO 

frequency is observed to saturate at (601) cm-1 as can be seen in fig. 4.31c. The 

saturation is attributed to the wurtzite structure becoming unable to accommodate 

additional Mg atoms as shown in figs.(4.31d, and e). The presence of the cubic phase 

was confirmed previously XRD.  
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Fig.4.30: Raman Shift  for Mg0.3ZnO0.7/n-Si Photodetector Prepared at Different 
Substrate Temperatures. 

 

 

 

 

Fig.4.31: Raman  Shift  forMgxZnO1-x/n-Si  Photodetector Prepared  at Mg-Contents 
(0,30, 50,70, and 90)%, at Substrate Temperature (450) oC. 

 
4.9   Electrical and Photoconductive Properties for Al/MgxZnO1-x/n-Si/Al            

Photodetector  
 

        Electrical characteristics of the photodetector include on the measurements the 

capacitance-voltage (C-V), current-voltage (I-V), and photocurrent gain (PG) 

characteristics. For MgxZnO1-x/n-Si photodetector at different Mg-content, at 

substrate temperatures (400,450,and 500) oC they are presented below: 

 Photodetector Si/Al -/nx-1ZnOxAl/Mgharacteristic of CV -C9.1 4. 
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           The change of capacitance as a function of reverse bias voltage in the range of           

(0-1)V and at frequency equal to (0.6-1) MHz has been studied, at different Mg-

content, as shown in fig.4.32. It is clear that the capacitance decreases with increasing 

of the reverse bias voltage, and decreasing be non-linear. Such behavior is attributed 

to the increasing in the depletion region width, which leads to increase of the value of 

a built-in potential. An enhancement of the capacitance of zero bias voltage (Co) with 

the increasing of Mg-content as shown in the table 4.12. behavior attributed to the 

surface states which leads to an increase in the depletion region and decreasing of the 

capacitance. The width of depletion region can be calculated using equation (2-41).      

       From table 4.12 that the depletion region width increases with increasing            

Mg-content is noticed, which is due to the decreasing in the carrier concentration, and 

therefore leads to decrease of the capacitance. At higher temperatures (400,450,and 

500)oC, the hetrojunction capacity increases, and decrease built-in potential ,and this 

is caused by the increasing of carriers concentration are noted, this behavior was for 

the proportion of  Mg-content (30)% only, as shown in fig.4.33 and table 4.13.  

       The inverse capacitance squared is plotted versus a reverse bias voltage at 

different Mg-content of (x), as shown in fig. 4.34. The plots revealed straight line 

relationship which means that the junction was of an abrupt type. The interception of  

the straight  line  with  the  voltage  axis  at (1/C2= 0), represents  the built–in 

potential. 

       From table 4.12 that the built-in potential an increases with increasing of                

Mg-content is noticed. Fig.4.35 shows the inverse capacitance square is plotted as a 

function of reverse bias voltage for Mg0.3ZnO0.7/n-Si photodetector at different 

substrate temperatures. From through which, to increase the concentration of carriers 

which in turn leads to lower hetrojunction capacity and increased built-in potential 

are noted as listed in the table 4.13. 
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Fig.4.32: The Variation of Capacitance as a Function of  Bias Voltage for Al/Mg 

ZnO/n-Si/Al Photodetector with Different Mg- Contents (x), at Substrate 
Temperature (450) oC. 

 
 

Table 4.12: The Variation of the Co ,W, Vbi , and ND for MgxZnO1-x /n-Si 
Photodetector at Different Mg-Content (x). 

 

 
 

 
 

Fig.4.33:The Variation of Capacitance as a Function of Bias Voltage for       
Al/Mg0.3ZnO0.7/n-Si/Al Photodetector with Different Substrate Temperatures. 

-gM  oltage aVias Beverse Runction of F) as a 2ariation of (1/CV: The 344. Fig.
ubstrate Sat  PhotodetectorSi -/n x-1ZnOxontents (0,30, 50,70, and 90)%  for MgC

C.oemperature (450)T 
 
 
 
 

Table 4.13: The Variation of the Co ,W, Vbi , and ND for Mg0.3ZnO0.7 /n-Si 
Photodetector,       at Different Substrate Temperatures.   

ND (cm-3) 
Vbi 

(Volt) 
W 

(nm) 
Co 

(nF) 

Substrate Temperature  ( 
oC) 

Sample 

1.24×1019 0.50 27.01 303.6 400 Mg0.3ZnO0.7 
2.71×1018 0.60 22.18 369.7 450 Mg0.3ZnO0.7 
6.55×1017 0.55 20.28 404.3 500 Mg0.3ZnO0.7 

 
 
 

ND (cm-3) Vbi (Volt) W (nm) Co (nF) Sample 

4.10×1021 0.70 12.37 663.328 ZnO (Pure) 
2.71×1018 0.60 22.18 369.700 Mg0.3ZnO0.7  
2.13×1023 0.63 24.59 333.500 Mg0.5ZnO0.5 
5.54×1021 0.70 45.87 178.750 Mg0.7ZnO0.3 
5.34×1023 0.84 39.83 205.873 Mg0.9ZnO0.1 
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Fig.4.35: The Variation of (1/C2) as a Function of Reverse Bias Voltage for           
Mg0.3ZnO0.7 /n-Si Photodetector, at Different Substrate Temperatures                     

 

4.9.2  I-V Characteristics for MgxZnO1-x /n-Si Photodetector under Dark 

      Current-voltage (I-V) characteristic is one of the important parameters of a 

heterojunction measurement is a which explains the behavior of the resultant current 

with the applied forward and reverse bias voltage. Figs.(4.36 a, and b) shows (I-V) 

characteristic at forward and reverse bias voltage with different Mg-content of (x), 

and substrate temperature (450) oC. The forward dark current is generated due to the 

flow of majority carriers and the applied voltage injects majority carriers, which lead 

to decrease of the built-in potential, as well as the width of the depletion region.  

       As the majority and minority carrier concentrations are higher than the intrinsic 

carrier concentration which generates the recombination current at lower voltage 

region (0-0.3)V. This is because the excitation of electrons from the valence band 
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(V.B) to the conduction band (C.B) will recombine them with the holes which are 

found at the (V.B), and this is observed by the little increase in recombination current 

at low voltage region [124]. Either, the diffusion current is represented in the high 

bias voltage region (0.3)V, where there is a fast exponential increase in the current 

magnitude with increasing the bias voltage, which dominates the process. The bias 

current also contains two regions. In the first region of low bias voltage (0.3)V, the 

current slightly increases with increasing of the applied bias voltage, and the 

generation currently dominates, while at the second high bias voltage region ( 

0.3)V, the diffusion current dominates [92].  

       From fig. 4.36a, the value of the current decreases with increasing Mg-content       

of (x) is  observed.  Which is attributed to involving defects and dislocations that 

have an effect on the mobility of charge carriers. These defects are within the levels 

inside the energy gap, these defects are within the depletion region act as active 

recombination centers, and consequently they decrease current flow across the 

junction. The best ratio was the mixing (30)% Mg-content, this ratio under the 

influence of substrate temperatures (450,and  500) oC is taken, the forward dark 

current increases slightly is noted as shown in fig.4.36c. 
 

 

 

 

Fig.4.36: I-V Characteristics in the Dark for MgxZnO1-x/n-Si Photodetector                        
(a- Reverse ,b- Forward, c- Forward (30)% ,at Substrate Temperatures (450, and 

500)oC). 

      A semilogarithim scale of (I-V) characterization for the forward bias is presented 

in figs.(4.37, and4.38). These figures show that forward current mechanism 

correspond with the recombination mechanism. The mechanism of transport current 

is estimated from the value of the ideality factor (ƞ) where the saturation current can 

be calculated from intercepting the straight line with the current axis at zero voltage 
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bias. It is clear from the tables (4.14,and 4.15) that the ideality factor and saturation 

current decreases with increasing Mg-content (x).  

  

 

 

Fig.4.37: I-V Characteristics at Forward Bias Voltage on a Semilogarithim Scale  for 
Mg0.3ZnO0.7/n-Si  Photodetector, at Dfferent Substrate Temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4.38: I-V Characteristics at Forward Bias Voltage on a Semilogarithim                       
Scale for MgxZnO1-x/n-Si Photodetector at Different Mg- Content (x). 

Table 4.14: Values of Ideality Factor (ƞ),and Saturation current (Is)                                         
for MgxZnO1-x/n-Si Photodetector at Different  Mg-Content (x). 

Sample ƞ Is (nA) 

ZnO (pure) 1.709 47.00 

0.7ZnO0.3Mg 1.184 52.00 

Mg0.5ZnO0.5 1.450 21.00 
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Mg0.7ZnO0.3 1.293 14.00 

Mg0.9ZnO0.1 1.164 9.93 

 

Table 4.15:Values of Ideality Factor (ƞ),and Saturation Current (Is) for 
Mg0.3ZnO0.7/n-Si Photodetector at Different  Substrate Temperature. 

 

4.9.3  I-V Characteristics for MgxZnO1-x /n-Si Photodetector under Illumination 

         The optoelectronic characteristics are the best for photodetector hetrojunction 

since these characteristics determine how the incident light power converts to 

photocurrent. This photocurrent is observed in reverse bias only. When the detector  

is illuminated, the electron- hole pairs are generated, performed in the minority 

carrier which able to diffuse to the edge of the depletion layer before recombination 

takes place. The internal electric field in the depletion layer can separate of the 

electrons and holes, this electric field is much higher  where  the  device is in reverse 

biased.  

       Figs.(4.39 a, b, c, and d) show that the reversed (I-V) characteristics of the device 

measured in  different light intensity illumination, the photocurrent under a (60-100) 

mW/cm² tungsten lamp illumination. It can been  reversed current value is at a given 

voltage for photodetector under illumination which is increases with the increasing of 

light intensity. It is noticed that increasing the light intensity results in the increased 

the photocurrent. This can be attributed to the number of absorbed photons become 

greater and a large number of electron-hole's pairs are generated in the junction. In 

the linear region ,the thermionic emission and the carrier velocity will increase when 

the sample illuminated with light of change intensity power.  

       From the figs.(4.39b,c , and d) the current value at a given voltage for 

Mg0.9ZnO0.1/n-Si under illumination is higher than Mg0.3ZnO0.7/n-Si is noticed, the 

Sample Substrate Temperature  (oC) ƞ Is (nA) 

0.7ZnO0.3Mg 450 1.184 52.0 

Mg0.3ZnO0.7 500 1.855 70.0 
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photocurrent increased from (1.88×10-8 to 1.28×10-7) A, corresponding to the ratio of  

Mg-content (30)% to (90)% as shown in figs.(4.39b to 4.39d). This can be attributed 

to the increased energy gap with increasing Mg-content. 

 

 

 

  

Fig.4.39: The I-V Characteristics at Different Incident Power Intensity                                      
for MgxZnO1-x/n-Si Photodetector at Reverse Bias Voltage 

4.9.4  Gain for MgxZnO1-x/n-Si  Photodetector 

      From measuring the current flow within a film in illumination (Iph) and dark (Id) 

conditions at temperature (450)oC, can be done calculated the gain (G) by using 

equation   (2-49) as shown in table 4.16, which can be defined as a ratio between 

illumination current (Iph) to dark current (Id).  

       From figs.(4.40,and 4.41), the decrease in gain and then reduces depending on 

increasing the Mg-content and temperature is noted. This behavior is attributed to the 

low number of carriers concentration in the film. The intensity of the optical power is 

(1000)mW(cm)-1, and high of the optical source (30) cm in the case of measuring 

photocurrent, and for all samples.   

      Best ratio of the Mg-content were (30)%, and when the treatment of this ratio 

under substrate temperatures (450, and 500) oC, the gain increases with high 

temperature is noticed, as in the table 4.17, has been increasing rapidly at substrate 

temperature of (500)oC, as in fig.4.42, due to increase photocurrent. These results are 

similar behavior  into [127].  

Table 4.16:The Variation of  the Photocurrent,Dark Current, and the Gain for    
MgxZnO1-x/n-Si Photodetector at Different Mg-Content, and Ts (450)oC. 
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Table 4.17: The Variation of the Photocurrent, Dark Current, and the Gain for        
Mg0.3ZnO0.7 /n-Si  Photodetector at Different Substrate Temperatures. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

Substrate Temperature (450) oC 
Optical Power(1000mW/(cm)2 at High (30) cm 

Mg- Content Id (µA) Iph(µA) Gain 
ZnO (Pure) 0. 1410 316 2241 
Mg0.3ZnO0.7 0. 0242 227 9380 
Mg0.5ZnO0.5 0. 0145 15.6 1076 
Mg0.7ZnO0.3 0.0 222 18.5 833 
Mg0.9ZnO0.1 0. 0946 43.4 459 

Optical Power(1000mW/(cm)2 at High (30) cm 

Mg- Content Substrate Temperature (oC) Id (µA) Iph(µA) Gain 

Mg0.3ZnO0.7 450 0. 0242 227 9380 

Mg0.3ZnO0.7 500 0.0166  177 10662 
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Fig.4.40: The Photocurrnt and Dark Current as a Function of  Forward Bias Voltage 
for MgxZnO1-x/n-Si Photodetector at Different Mg-Contents. 

 
 
 

 
Fig.4.41: The Photocurrnt and dark Current as a Function of  Forward Bias Voltage  

for Mg0.3ZnO0.7/n-Si Photodetector at Both Substrate Temperatures (450,and 500)oC. 

4.10  Figures of  Merit for MgxZnO1-x /n-Si Photoconductive Detectors 

4.10.1  The Spectral Responsivity 

       Fig.4.42 shows the spectral responsivity (R)  as a function of wavelneth for all  

substrate temperatures and all values of Mg-contents. It is found from the figure that 

(R) increase with the increasing of  Mg-contents  for white light and bias voltage 

equal to 3V for ratio (30)% of Mg-content only. The  (R)  by using equation (2-54) 

is calculated.  

      Fig.4.42a shows (R) change as a function of wavelength. It is clear from figure 

that there are two regions of the peaks response, the first region at visible 

spectrum(450)nm,and the second located at near infrared spectrum (NIR)(900) nm. 

      The result of (R) means that the portion of light with higher energy, such as 

(450) nm, is absorbed by MgxZnO1-x layer (one region) and the portion of light with 

lower energy, such as (900) nm (two region), can completely incident into n-Si 

substrate and is absorbed. These results are due to the absorption edges MgZnO and 

n-Si. At short wavelength incident photon energy which is larger than the energy gap 

indicates a large increase in the (R)  and this increase relates to the high absorption 
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coefficient. The (R) of  the ratio of Mg-contents (50,70, and 90)% are more decrease, 

is due to increment of the barrier height and decrement of the absorption coefficient. 

When the substrate temperature increase  (400, 450, and 500) oC into the proportion 

of Mg-content (30)%  only, the (R) increase is noted, this is due to the same reason 

above  as shown in fig.4.42b. 

 

Fig. 4.42: The Variation of  Responsivity as a Function of Wavelength forMgxZnO1-

x/n-Si Photodetector (a- at Different Mg-Content ,and b- at Different Substrate 
Temperatures). 

 

4.10.2 The Quantum Efficiency   

     Quantum efficiency (QE) is a very important criterion in the photovoltaic devices 

which is known as optoelectronic effect, it represents the ratio between the numbers 

of generating electrons in the hetrojunction to the number of incident photons on the 

effective area of the hetrojunction. (QE) is related to the change of the spectral 

responsivity were calculated using equation (2-56). (QE) was determined as a 

function of wavelength for photoconductive detectors, as shown in fig.4.43a for 

different            Mg-content. It is observed that the photodetector with(30)% from 

Mg-content has higher quantum efficiency comparing to the photodetectors for the 

remaining percentages of the Mg-content due to the lowest barrier height and highest 

photocurrent. When the substratre temperature increase (400,450, and 500) oC into 

the proportion for               Mg-content (30)%  only, the (QE) increase is noticed.  

This is due to the same reason as shown in fig.4.43b.  

 

Fig.4.43:The Variation of Quantum Efficiency as a Function of Wavelength for 
MgxZnO1-x/ n-Si(a- at Different Mg-Contents ,and b-at Different Ts). 

    4.10.3  The Specific Detectivity 
        

       Fig.4.44a shows the variation of specific detectivity (D*) as a function of 

wavelength for photodetectore at different Mg-content (x), at substrate temperatures 
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(400,450,and 500) were calculated using equation (2-60). the structural and electrical 

properties of this heterojunction is improved. Increasing Mg-content  to reduce 

structural defects and thus reducing the recombination and reduce the noise generated 

in the current detector center and as a result increase significantly the (D*). When 

increasing the substrate temperature of preparation of hetrojunction (400,450,and 

500) oC with  the proportion of  Mg-content (30)%, (D*) increase. This is attributable 

to the improvement in the structural and electrical properties as shown in fig.4.44. 

 

  

  
 
 

Fig.4.44: The Variation of Specific Detectivity as a Function  of Wavelength for     
MgxZnO1-x/n-Si (a- at Different Mg-Content, and b- at Different Ts ). 

4.10.4 Noise Equivalent Power  

      The noise equivalent power (NEP) values were calculated using equation (2-61) 

as shown in fig. 4.45a  for photoconductive detectors at different Mg-content (x). The 

minimum (NEP) occurs when (R) has the maximum value is observed as shown in 

fig.4.45. From this figure (NEP) decreases with increasing of Mg-content is noticed.      

       When increasing the temperatures (400,450,and 500)oC for preparation of 

photodetector with the proportion of Mg-content (30)%, the (NEP) goes down is 

noted. This is attributable to the improvement in the structural and electrical 

properties as shown in fig. 4.45b. 

 

Fig.4.45: The Variation of (NEP) as a Function of Wavelength for MgxZnO1-x/n-Si 
Photodetector (a- at Different Mg-Content, and b- at Substrate Temperatures). 
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4.11  Gas Sensing Measurements (GS)  
4.11.1 Determination of Operation Temperature of MgxZnO1-x /n-Si Sensor 

       One of the common disadvantages of MgxZnO1-x/n-Si gas sensors is the high 

temperature required for the sensor operation. For this reason, the effect of the 

operation temperature on the thin films sensitivity was studied with the aim of 

optimizing the operation temperature to the lowest possible value. The operating 

temperature is defined as the temperature at which the resistance of the sensor 

reaches a constant value. The changing of resistance is just only influenced by the 

presence of amount of some gases of interest [128].  

       Figs.(4.46a , and b) show the variation of sensitivity as a function for operation 

temperature in the range (25-300) oC of the MgxZnO1-x/n-Si sensor  for substrate 

temperatures (400,450,and 500) oC. The sensing test was done by using (3)% NO2: 

air mixed ratio and bias voltage 6V were applied on the electrodes for all samples. 

The variation of the temperature reveals resistance of the film decreases as the 

temperature increases from room temperature to (200) oC showing a typical negative 

temperature coefficient of resistance (NTCR) due to thermal excitation of the charge 

carriers in semiconductor[129].  

       Operating temperature (200)oC, sensor film displays positive temperature 

coefficient of resistance (PTCR) as temperature increases further, which may be due 

to the saturation of the conduction band with electrons raise from shallow donor 

levels caused by oxygen vacancies. At this point an increase in temperature leads to a 

decrease in electron mobility and a subsequent increase in resistance. These results 

that ia an agreement with [127,129].  

       Operating temperature (200)oC, oxygen adsorption at the surface is mainly in the 

form of O-2, while operating temperature (200)oC, chemisorbed oxygen is present in 

the form of O-, due to the conversion of O- into O-2 oxygen adsorbs the additional 

electron from the MgxZnO1-x/n-Si sensor, which is attributed to increase in the 

resistance of the sensor film as temperature rises further. After this detailed 

explanation, there are no sensitivity at high Mg-content ratios, and the optimal ratio 

of Mg-content was (5)%. 
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      The optimum operating temperature  is room temperature for the Mg-content 

(5)% is noticed. In addition, whenever is sample preparation temperature of low was 

the sensitivity better. It was observed that the optimum operating temperature is (200) 

°C as shown in fig. 4.46b. 

 

 

 

Fig.4.46: The Variation of Sensitivity with the Different Operating Temperature of 
the Prepared Mg0.05ZnO0.95/n-Si Gas Sensor{a- at Substrate Temperatures (450,and 

500) oC,         and b- at Substrate Temperatures (400,and 450) oC}. 

 

4.11.2 Response and Recovery Time of MgxZnO1-x/n-Si  Sensor 

      Figs. (4.47a, and b)  show the relation between the response and the recovery 

times with the operating temperature of the pure ZnO/n-Si, and MgxZnO1-x /n-Si 

sensor for NO2:air and bias voltage 6V. The response and recovery times are defined 

as the time need to reach (90)% of a signal change. From fig. 4.47a  it took (25.2s)  

for the pure ZnO/n-Si time sensor to response and (31.5s) to recover at operating 

temperature     (300) oC, when substrate temperature (450) oC. While from fig.4.47b 

Mg0.05ZnO0.95/n-Si  sensor took (6.3s) to response and (44.1s) to recover at (25) oC. As 

for fig.4.47c Mg0.10ZnO0.90/n-Si  sensor  took (18.9s) to response and (126.25s) to 

recover at (25) oC. 

       In the substrate temperature (400) oC, as shown in fig.4.47d takes a response time 

(15.3s)  and recovery time (42.3s), at operating temperature (200) oC. From the table 

4.18, The response time to the proportion of  Mg-content of (5)%  faster than the pure 

ZnO response time is noted, either recovery time  be more, and that the optimum 

operating temperature is (200) oC when the preparation substrate temperature 

(400)oC. At substrate temperature of (500)oC, the highest sensitivity at room 

temperature, response time (28.8s),  and recovery time (99.9s) are noticed, as shown 

in fig. 4.47e. 

 



 
 

154 
 

 Table 4.18: The Response Time and the Recovery Time with Different  Operating 
Temperatures of MgxZnO1-x/n-Si  sensor with Different Mg-Content, at Substrate 

Temperature (400) oC. 
 

 

 

 

 

 

 

 

 

 

 

Fig.4.47: The Variation of Response and Recover Time with Different Operating 
Temperatures for MgxZnO1-x/n-Si Sensor, at Different Substrate Temperatures. 

4.12 The conclusions 

      Through what has been discussed in the text of dissertation, it can be concluded 

the following points:  

1. The addition of  Mg to the films increases  its strength to withstand high 

temperatures and little of expansion.  

2. There are two regions of the peaks response, the first region is located at visible 

spectrum, and the second located at (NIR). The responsivity, quantum efficiency 

and specific detectivity decreases in visible region and increase in (NIR) with 

increasing of Mg-content. 

Operation 
Temperature (oC) 

ZnO (Pure)  /n-Si Mg0.05ZnO0.95/n-Si 
Response 

Time(s) 
Recover 
Time(s) 

Response 
Time(s) 

Recover 
Time(s) 

25 28.4 76.2 26.1 149.4 
100 33.6 47.3 14.4 63.0 
200 41.8 38.2 15.3 42.3 
300 29.3 34.1 15.3 36.9 
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3. Optimum temperature to prepare Mg
x
ZnO

1-x
/n-Si phtodetector is (450) oC for the 

manufacture of photovoltaic detectors, but the best substrate temperature for the         

Mg
0.05

ZnO
0.95

/n-Si  is (400) oC for the manufacture of gas sensors. 

4. The results are shown that the sensitivity properties of Mg
x
ZnO

1-x
/n-Si 

phtodetector  for NO
2
 gas decrease with increasing Mg-content in the films, as well 

as  with increase the substrate  temperature.    

5.  It is found that the sensitivity of the ZnO thin films changes linearly with the 

increase of the NO2 gas concentration. 

6. Sensors ZnO/n-Si films recorded of good measure sensitive to NO2 gas at a 

concentration of (30) ppm. The maximum sensitive is (67.82)% in the operating 

temperature of (300) oC, while the Mg0.05ZnO0.95/n-Si films the maximum sensitive 

is (90.8)% in the operating temperature of (200)°C, and (15)% at an operate 

temperature (25) oC, with fast response and recovery time. 

7. The ZnO/n-Si sensors and Mg0.05ZnO0.95/n-Si, at nitrogen pressure of (4.5) bar, at 

substrate temperatures (450,and 400) oC, respectively  are promising devices and 

good for the optical sensors. 

 

4.13   Future Works 

         Through the obtained results is suggested of the following studies for future 

works: 

1. Study of magnetic properties for MgxZnO1-x films,and its applications by using 

pulsed laser deposition (PLD) technique. 

2. Study the physical properties of the MgxZnO1-x/n-Si photpdetector deposited on 

substrates (TiO2, Quartz,and SiO2), and it’s applications by using  chemical spray 

pyrolysis (CSP) technique. 

3. Study the physical properties of the MgxZnO1-x/PS photpdetector, and it’s 

application. 
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4. Study the effect of concentrations of the oxidizing gases, reducing, and the 

operating temperature on the sensitivity properties for MgxZnO1-x thin films by 

chemical spray pyrolysis (CSP) technique. 

5. Study of the physical properties for dopant effect of MgO on ZnO nanoparticles 

and it’s applications. 
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 الخلاصة

باستخدام تقنية الرش الكيميائي الحراري وهي طريقة   x-1ZnOxMgتم تحضير أغشية العملفي هذا       

 2بنسب حجمية مختلفة )  x-1ZnOxMgج محاليل يتم إنماء مزو.  ناسبة  للترسيب على مساحات كبيرةوم ملائمة

 و 450 ،400)عند درجات حرارة مختلفة و  على قواعد زجاجية وسليكونية ومرسبه  %(12و 72، 52، 12،

وتم تثبيت السمك من خلال تثبيت عدد الرشات وكان سمك جميع الاغشية يتراوح بين  درجة مئوية ( 500

تم تشخيص التركيب البلوري للأغشية بتقنية  . النيتروجينغاز م ااستخداجراء الرش بتم ( نانومتر وقد 5±82)

ن جميع الأغشية المحضرة كانت متعددة التبلور وأظهرت ا النتائج اظهرت ( وXRD) حيود الأشعة السينية

  .خلال تغير درجات الحرارة البنية البلورية منفي تحسن 

والمجهر الالكتروني الباعث  (AFM)مجهر القوى الذرية  عتماددرست طبوغرافية السطح للأغشية با      

إن زيادة نسبة محتوى المغنيسيوم في الاغشية   .(EDX)الطاقة للأشعة السينية  مشتت( و(FESEM  الماسح

 و Si، N ،O ، Zn احتواء الأغشية على عناصر) اظهرت (EDX)ان و.  إلى نقصان خشونة السطح ادت 

Mg  )تم قياس استطارة رامان لأغشية  . كما هو متوقعSi -/nx-1ZnOxMg  الرقيقة لمختلف نسب محتوى
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رامان ذات  استطارة ( المقابلة الى انماط 1222 و 021)cm-1ذات حزمتين شدة  تحيث اظهر، المغنيسيوم 

𝐸2الرتبة الاولى العليا 
ℎ𝑖𝑔ℎ

 اذ ،ة لأوكسيد الزنكببالنسوهو نمط الرتبة الأولى  1A(LO) هو الثانية الرتبة ونمط ,

𝐸2 الرتبة فان نمط %(50) من اكثرالى غنيسيوم انه بزيادة محتوى الم
ℎ𝑖𝑔ℎ

  .شدته تنخفض سوف 

  من خلال قياس النفاذية البصرية في المنطقة الطيفيةالخصائص البصرية للأغشية المحضرة  دراسة تتمو      

-30) عند زيادة محتوى المغنيسيوم من %(65-89)وكانت نتائج النفاذية تتراوح من  ،نانومتر (700-300)

درجة  (500)الى زيادة درجة الحرارة  دعن اكثروتزداد النفاذية  ، درجة مئوية (400)درجة حرارة  في (12%

 لتطبيقات المتحسسات الغازية. ملائمةمما يجعلها نفسه  عند محتوى المغنيسيوم % (84-95)لتصبح من  مئوية

الى ذلك  بالإضافة ،والانعكاسية لجميع الاغشية وكانت تتناقص بارتفاع درجات الحرارةالامتصاصية  قياستم و

  . cm (412)-1  أعلى من قيمتهلجميع الاغشية وكانت  تم قياس معامل الامتصاص

الكترون فولت التي  (3.19و  3.21، 3.18)حسبت فجوة الطاقة المباشرة لأوكسيد الزنك النقي وكانت و      

الثوابت البصرية كمعامل تم حساب و.  على التوالي  درجة مئوية (500و  450، 400)تقابل درجات الحرارة 

وتم حساب فجوة الطاقة  .العزل الحقيقي والخيالي لجميع الأغشية المحضرةثابت الانكسار ومعامل الخمود و

 دراسة تم، الكترون  فولت  (3.531 - 3.558) تتراوح بين القيم  وكانت البصرية من خلال مطياف الاستضائية

 نهول ا تأثير قياسات   اظهرت نتائجو ،لوتأثير هوالتوصيلية الكهربائية المستمرة كالخصائص الكهربائية 

p)- فهي من النوع الموجب   x-1ZnOxMg  اغشية اما  (type-n) شاء اوكسيد الزنك النقي من النوع السالبغ

type)   وتمتلك طاقتي تنشيط (1Ea  2وEa).  كاشفتم  قياس سعة Si-/n x-1ZnOxMg   كدالة لفولتية

 المفرق الهجينكاشف أن  الىالنتائج تلك  اشارت، وميكا هيرتز -1)  (0.6 بينيتراوح الانحياز العكسي وبتردد 

 . من النوع الحاد

وتزداد عند نسبة محتوى  محتوى المغنيسيومقيمته بزيادة  تنخفضوجد إن جهد البناء الداخلي كما       

تيار الظلام الأمامي ان   Si -/n x-1ZnOxMgلكاشف   فولتية -تيار خصائص اظهرتو . (%12المغنيسيوم )

ناقص عامل المثالية وتيار الإشباع العكسي بزيادة محتوى كذلك لوحظ ت ،فولتية الانحياز  يتغير أسيا مع

الخصائص  ةساهذا العمل دركما تم في  يزداد عند درجات الحرارة العاليةفي حين المغنيسيوم في الاغشية 

محتوى نسبة الكفاءة الكمية والكشفية النوعية تزداد بزيادة ، ووجد أن قيم الاستجابة الطيفية  كاشفللالطيفية 

  . بزيادة محتوى المغنيسيوم  تنخفض، بينما القدرة المكافئة للضوضاء  المغنيسيوم

وعند  A/W (13.51)نانومتر وكانت تساوي الى    (452) قمم الاستجابية عند الطول الموجي وظهرت       

ووجد ان   كاشفللكما تم حساب الربحية .  A/W(36.83)وكانت تساوي الى نانومتر  (900)الطول الموجي 

في   في الهواء المحيط 2NOلغاز المتحسس قياس تحسسية   تمو.  درجات الحرارةعند ارتفاع زداد ي كسبال

فولت.  )0)وفولتية انحياز  الهواء: 2NO 1%  جميع العينات في نسبة فحص. وتم  منظومة استشعار الغاز

( درجة 422لقاعدة السليكونية هي )ا، و درجة حرارة  (=5x)%لمحتوى المغنيسيوم  اشابةوكانت أفضل نسبة 
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 %(12.82اقصى تحسسية عند هذه النسبة هي ) ( درجة مئوية. وكانت222و درجة حرارة تشغيل ) مئوية

 ( ثانية.42.1هو ) جاعسترلا( ثانية  وزمن ا15.1ستجابة هو )لازمن اوسرعة 

 

 

 

 

 
 


