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This study included a different weight ratio of copper (2, 4, 6, 8) wt% as a dopant, with tin 

oxide SnO2 deposits on glass substrate by RF reactive magnetron sputter. The structural 

properties show polycrystalline pattern nature for all deposit samples with dominated reflection 

(110). The electrical conductivity increased to 1×130
10

 S
-1

 and the optical conductivity to 

35×10
16

 S
-1

. The energy gap decreased to 3.60 eV when the rate of deformation was 8wt%, due 

to the increase in the crystallite size to 24.5 nm with the improvement of crystallization. While 

the surface measurements showed an increase in the surface roughness to 50 nm when the rate 

of deformation at 8wt%. 
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 الخلاصة
على  SnO2(  مع ترسيب أكسيد القصدير 8،  6،  4،  2تضمنت هذه الدراسة التشويب بنسبة وزن مختلفة من النحاس )

. تظُهر الخصائص الهيكلية طبيعة نمط متعدد البلورات RFالتفاعلي الركيزة الزجاجية بواسطة الترسيب بالرش المغنطي 

130×  1(. زادت الموصلية الكهربائية إلى 110لجميع العينات مع الانعكاس المسيطر )
10

 S
-1

 35والموصلية الضوئية إلى  

 ×10
16

 S
-1

نانومتر مع  24.5لورة إلى ٪ ، نتيجة زيادة حجم الب8فولت عند معدل التشويب  3.60. انخفضت فجوة الطاقة إلى 

 ٪.8نانومتر عند معدل التشويب  50تحسن التبلور. بينما أظهرت قياسات السطح زيادة في خشونة السطح إلى 

INTRODUCTION 
The thin-film and nanotechnology are the most 

important techniques that contributed to the 

enhancement and development of semiconductor 

materials applications [1][2]. Even in the balance 

of micro composition [3] and transparent 

conductive oxides (Transparent conductors) 

[4][5]. In addition, the oxide SnO2 material has 

three advantages; a high conductivity, low 

resistivity, and high optical transmittance [6]. 

Where it all depends on the conditions of 

preparing these materials, and there is the 

possibility of free electrons in the conduction 

band, despite the large energy gap of these 

membranes. There are several preparing methods 

such as the R.F Sputtering [7], D.C Magnetron 

Sputtering [8], Electron Beam Evaporation [9], 

Evaporation Ion-Beam [10], Sol-Gel [11], 

Modified Successive Ionic Layer Adsorption [12], 

Vapor Deposition Chemical [13], Pulsed Laser 

[14], Thermal Evaporation [15] and Chemical 

spray pyrolysis [16]. Tin dioxide is a 

semiconductor with a large energy gap [17][18], it 

is a white color, material, and the crystalline 

structure of tin dioxide is a crystalline quaternary 

structure [19]. Recently, the researchers have 

tended to pay attention to SnO2 film due to this 

material may be a part of many applications, such 

as used in optoelectronic devices, and indirect 

energy transfer devices [20][21].  

Mani Facier et. al. Studied SnO2 films prepared 

using two methods of vacuum thermal 

evaporation and chemical decomposition. They 

concluded that the edge of the absorption (2.4eV) 

by means of thermal evaporation. In the pyrolysis 

method, the absorption edge value (3.7eV) and the 

prepared crystalline membranes with an energy 

gap of is 3.5 eV for permissible direct 

transmission [22].  

Sundaram & Bhagavat studied the optical 

absorption of the (SnO2) films prepared by the 

CVD method. They concluded that the edge of 

absorption is at the energy (3.7eV), and the 

permissible direct/indirect energy gap was 

(3.95eV) and (3.27 eV), respectively [23]. In 2010 

Huang et al., prepared pure tin dioxide films that 

mailto:mohammedjassim@uomustansiriyah.edu.iq


Ali et al. Optical and Electrical Conductivity of SnO:Cu Nanoparticles 2021 

 

34 

have been tainted with tungsten (SnO2: W) with 

weights of distortion (0, 2, 3%), in a pulsed 

plasma precipitation method (PPDM) on quartz 

bases. The optical energy gap increased from 

4.05eV to 4.22eV with increased distortion rates 

[24]. 

Moreover, Copper oxide is an important 

semiconductor material [25], and the 

concentration of free electrons in tin dioxide is 

(10
16

 cm
-3

) [26]. Also, it is neither soluble in water 

nor in the bases and can be obtained from copper 

oxidation; and it is characterized by a mono-

inclination crystal structure (p-type) meaning that 

the carriers of the majority are gaps [27]. Copper 

oxide has a relatively large energy gap and a high 

absorption coefficient in the visible area. 

Particularly, it is used in solar photothermal cells 

applications, as it requires high efficiency 

absorption and a range of good stability as well as 

high absorbency in the visible wavelength range 

[28]. 

The improvement in crystallization led to a 

decrease in the values of the energy gap (Eg). 

Therefore, this work aims to study the structural 

and optical properties resulting from tin oxide 

deformation at different proportions of copper; to 

determine the appropriate application of the 

semiconductor created.  

MATERIALS AND METHODS 
Tin oxide nanoparticles as a powder target 

composed with purity 99.998 and copper oxide 

nano partial 99.99 purity used as a dopant (2, 4, 6 

and 8) wt%. Where deposited on a glass substrate 

by radio frequencies sputter down at frequency 

13.56 MHz (TORR INTERNATIONAL, 

INC.CRC600). The RF power kept at a constant 

value 100 watt for all deposited films. Magnetic 

field used to maximize the deposition rate. The 

vertical distance between the target and the 

substrate is fixed to 10 cm. Substrate holder 

rotated with constants rate 5 Cyc/Min. Deposition 

rate was 0.1- 0.2 Å/sec and thickness 100 nm 

controlled by a crystal sensor (SQM-160). The 

chamber was evacuated to a pressure of under 

3.82×10
-5

 torr before sputtering deposition. Argon 

gas penetrates to the chamber with a gas mass flue 

controller (Ailcat scientific), Sputtering was 

performed at a gas pressure approximately 

5.62×10
-2

 Torr. As a film's characterization, the 

crystal structure of deposit films was identified 

and investigated by X-ray diffraction. by 

(shimadzo 6-2006, with cukα radiation having 

wavelength λ=0.15406 nm) technique. Optical 

properties investigated by (Cary 100 conc UV-

Visible spectroscopy). 

RESULTS AND DISCUSSION 
Figure (1-a) displays the X-ray diffraction of 

the pure and copper doped tin oxide at a different 

weight ratio (2, 4, 6, 8) wt% and notes from the 

figure that all the membranes are poly-crystalline 

pattern. The prevailing reflection is the (110) 

plane at the angle 2θ = 29.96
o
, with the number of 

secondary reflections in (101), (200), and (211) 

that associated with the angles 2θ =34.37
o
, 38.10

o
, 

51.58
o
 respectively. It is indicated with the 

international card JCPOS No. 41-1445 [29]. From 

figure (1-a), we have shown that the intensity of 

the dominant reflection (110) increases with an 

increased weight ratio for copper dopants. 

The dominant reflection samples, figure (1-b) 

show up a magnified and groped image, as can be 

seen in which full width at half maximum 

(FWHM) is changed with the increased dopant. 

Either the figures (1-c and d) It is a magnified 

image (zoom-in) of secondary reflections (101), 

(200) as noted, from which the intensity of 

reflection changed with the increased doping of 

Cu. 

As can be seen from figure (2-a) the crystallite 

size fluctuates between decreases and increases to 

24.32 nm with the height weight ratio of Cu 

dopant. This is the result of the small size of 

copper ions Cu
+2

= 58 Å Compared to SnO
+4

 ions 

= 71Å, which take interstitial locations. Thus 

decreases from lattice constant, thus for Cu up to 

4 wt% adding Cu to (6 and 8) wt% leads to 

increase the crystalline size due to copper ions 

beginning to fill substation locations, the reason 

for the crystal size increases. 

Also, figure (2-c, b) shows that the microstrain 

and dislocation density decreases with an increase 

in doping for ratios (2 and 4) wt% and increases 

for ratios (6 and 8) wt%. Due to the improving 

crystallization reduces crystal defects, micro-

strain, and dislocation density. The estimate of the 

crystallite size, micro-strain and dislocation 

density were calculated by using the equations 

(1,2,3) and listed in Table (1), measured and 

calculated structural parameters [30]. 

 

𝐷 =
𝑘𝜆

𝛽 𝑐𝑜𝑠𝜃
 (1) 
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Where λ =1.5405 Å, is the wavelength of the used 

X-ray, k = 0.9 is the geometrical constant, β is the 

FWHM in rad, and θ is the reflection angle. 

𝜀 =  
𝛽 𝑐𝑜𝑠𝜃

4
 (2) 

𝛿 =  
1

𝐷2
 (3) 

 
 

Table 1. Measured and calculated structural parameters of SnO :Cu 

Lattice constant 

(Å) 
Dislocation density 

×10
15

(line.m
-2

) 

Microstrian 

×10
-4

(line
2
.m

-1
) 

(D) 

(nm) 

FWHM 

[ᵒ] 

2Ɵ 

[ᵒ] 

(hkl) 

Plane 

Samples 

(Wt%) 
b a 

3.201 4.691 1.64 2.36 20.58 0.39 29.96 (110) 0 

3.194 4.684 1.73 2.61 19.57 0.41 29.96 (110) 2  

3.190 4.633 1.77 2.74 19.11 0.42 29.96 (110) 4 

3.199 4.661 1.43 1.79 23.60 0.34 29.96 (110) 6 

3.202 4.689 1.39 1.69 24.32 0.33 29.96 (110) 8 

 

 
Figure 1. (a) X-ray diffraction pattern for pure and copper doped tin oxide, (b) dominates reflection, (c and d) secondary 

reflection. 

 

 
Figure 2. (a) Crystallite size (b) Microstrain (c) Dislocation density. 
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Figure (3- a and b) explain a 3D image of 0 wt% 

Cu SnO2 deposited by RF magnetron sputter. The 

2D image stands out in figure (3-c), and figure (3-

d) shows the magnified image (zoom-in) to the 

surface. Figure (3-e) represents a graph of the X-

axis when converting the image to data values, to 

get an accurate description of figures resulting 

from the dopant of thin film SnO2 by Cu. For pure 

(SnO2) thin films, figure (3-e) spotted the width of 

the formed peaks within 30 nm, with a height (20-

50) nm, and average particle size within (40-60) 

nm.

 

 
Figure 3. (a and b) Represent a 3D image of SnO2 thin films doped with 0 wt% of Cu, (c) 2D image, (d) a magnified image 

(zoom-in) of the surface and (e) line, histogram as x and y graph. 

Figure (4- a and b), stated the 3D image of 2 wt% 

Cu SnO2 deposited by RF magnetron sputter, 

figure (4-c) represent a 2D image, figure (4-d) it is 

a magnified image (zoom-in) of surface, to make 

more accurate measurements as shown in figure 

(4-e). A two-dimensional image has been 

converted into values that can be plotted on two 

axes X-axis and Y-axis. Further, growing peaks 

have become more uniform and have a conical 

shape, which are nanostructures with a height up 

to 30 nm and a base width of around 50 nm.

 

 
Figure 4. (a and b) Represent a 3D image of SnO2 thin films doped with 2 wt% of Cu, (c) 2D image, (d) a magnified image 

(zoom-in) of the surface and (e) line, histogram as x and y graph. 
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Figure (5- a and b) illustrated, 3D image of 4 wt% 

Cu SnO2 deposited by RF magnetron sputter, 

Figure (5-c) represent the 2D image, It is noted 

that the surface became more intense in the 

number of developing peaks and the white area 

increasing, which represents a height of about 200 

nm. In addition, the decline of the black area 

representing the height of 50 nm, Figure (5-e) 

represents the process of converting the X-axis, 

which is chosen through a program Spip - 

software, which it is observed that the height of 

cone nano scale forms increases to 80-100 nm. 

 

 

 
Figure 5. (a and b) Represent a 3D image of SnO2 thin films doped with 4 wt% of Cu, (c) 2D image, (d) a magnified image 

(zoom-in) of the surface and (e) line, histogram as x and y graph. 

In the figure 6, (a and b) can show the Cu SnO2 

deposited by RF magnetron sputter at 6 wt% has 

uniformly distributed particles with homogeneity. 

From the 2D image, the spherical shaped particles 

covered all the surface film deposited on the glass 

substrate. In addition, Figure (6-d and e) proves 

that the width of cones has become wider at its 

bases and less elevated. 

 

 
Figure 6. Illustrated (a and b) a 3D image of SnO2 thin films doped with 6 wt% of Cu, (c) 2D image, (d) a magnified image 

(zoom-in) of the surface and (e) line, histogram as x and y graph. 
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Figure 7. (a and b) Represent a 3D image of SnO2 thin films doped with 8 wt % of Cu, (c) 2D image, (d) a magnified image 

(zoom-in) of the surface and (e) line, histogram as x and y graph. 

OPTICAL PROPERTIES 
Figure (8-a) explains the transmittance 

spectrum of SnO2 thin films doped with a 

different weight ratio of copper (0, 2, 4, 6, 8) wt%. 

Further, the lowest transmittance percentage was 

for copper at (6 and 8) wt%, while the highest 

value of transmittance for (0 and 2) wt%. 

increasing distortion near the grain border, which 

contributed to the scattering of the incident light. 

In addition, to the occurrence of displacement in 

the edge of absorption towards the longer 

wavelengths, or in other words towards the lower 

energy gap with the increase in the doping weight 

ratio wt%, this can be explained within the 

quantum confinement. 

 

 
Figure 8. illustrated (a) the transmittance spectrum (b) the absorbance spectrum and (b) (αhυ)

2
 as function to hυ, of SnO2 

thin films doped with a different weight ratio of copper (0, 2, 4, 6, 8) wt%. 
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In the figure (8-b), the absorption spectrum of 

SnO2 thin films doped with a different weight 

ratio of copper (0, 2, 4, 6, 8) wt%, prepared by RF 

reactive magnetron sputter. It is noted the highest 

absorption value was for the model with a weight 

ratio of copper 8 wt%. Due to the entry of 

impurity of copper atoms within the crystal 

structure of SnO2, led to formation of localized 

levels within the energy Eg. In addition, it is noted 

that absorbance values decrease with decreasing 

wavelength.  

The reason is the incident photon could not excite 

the electrons in valence band V.B. and raise them 

to the conduction band C.B. due to the large Eg 

compared to the energy of the incident photon. 

The figure (8-c) represents the 𝐸𝑔
𝑂𝑝.

 of SnO2 thin 

films doped with a different weight ratio of copper 

(2, 4, 6, 8) wt%. The 𝐸𝑔
𝑂𝑝.

 values has been 

calculated from the relation (4) by plotting a graph 

relation between (αhυ)
2
 and photon energy hυ 

[31]. Then, from the extend the straight part of the 

curve that cuts the X-axis that represents the 

energy gap at point (αhυ)
2
 = 0, which is equal to 

𝐸𝑔
𝑂𝑝..

. In addition, it is noted the 𝐸𝑔
𝑂𝑝.

 decrease 

with increasing doped copper. The reason is due 

to the improvement of crystallization for the 

weight ratio of copper (6 and 8) wt% with the 

appearance of localized levels to the forbidden 

𝐸𝑔
𝑂𝑝.

 that reduces the energy needed to transfer the 

electron from V.B to C.B. 

ℎ𝜗 = 𝐵(ℎ𝜗 − 𝐸𝑔
𝑜𝑝.

)𝑟 (4) 

Where α represents the optical absorbance 

coefficient (cm
-1

), B is a constant, and r is a 

transition order. 

CONDUCTIVITY PERFORMS 
Figure (9-a), the optical conductivity of pure and 

Cu doped SnO2 in weight ratio (2, 4, 6 and 8) 

wt%, as a function of the photon energy eV, 

where the optical conductivity was calculated 

from the equation (5). 

We can calculate the optical conductivity 

𝜎𝑂𝑝.through the electric field accompanying the 

falling electromagnetic wave (UV and vis) by 

applying the Drude band model. Where it 

represents 𝐸 and 𝑤 the electric field and the 

angular frequency of the electromagnetic wave in 

respectively, and τ is a frequency of collisions 

between electrons and the lattice atoms. 

𝜎𝑂𝑝. =
𝑛𝑒

𝜏
 ⟦ 𝑒𝐸

𝑚𝑤(𝑤𝑡+
1

𝜏
)
⟧  (5) 

Where  𝜎𝑂𝑝.  The optical conductivity, 𝐸  is 

electric field, 𝑛 as number of electrons, 
1

𝜏
   

collision frequency, 𝑒 the electron charge, 𝑚  is 

electron mass, and 𝑤  as incident light frequency. 

Since we are dealing with high frequencies     

𝑤 ≫
1

𝜏
, we get,  

𝜎𝑂𝑝. =  
𝑛𝑒2

𝑚𝜏𝑤2
 (6) 

The optical conductivity 𝜎𝑂𝑝.
.
, decrease from 3.88 

eV to 2.87 eV with the increase in doping weight 

ratio from 2 wt% to 8 wt%; Due to that all 

electrons under 3.88 eV are confined by their 

holes in the V.B.  

Therefore, there is no current from the pair (e-h) 

and as the energy of the falling photon increases, 

the electrons continue to excite generated charge 

carriers and the optical current is generated. 

Where c is light speed and 𝑛𝑜 is the refractive 

index.

 

 
Figure 9. shown (a) the optical conductivity and (b) the electrical conductivity of SnO2 thin films doped with a different 

weight ratio of copper (0, 2, 4, 6, 8) wt%.  
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Figure (9-b) represents the relationship between 

electrical conductivity 𝜎𝐸𝑙𝑒. and photon energy for 

pure and Cu doped SnO2 thin films. It is noted 

from the figure that the highest conductivity was 

3.72 eV and 3.63 for the two doping weight ratios 

(2 and 8) wt% respectively.  

Where these values were obtained from the 

equation (6) the comparison between the optical 

conductivity and the electrical conductivity figure 

(11 and 12) and as it is listed in Table (2) we note 

that the behavior are similar and in turn similar to 

behavioral energy gap behavior. 

𝜎𝐸𝑙𝑒. =
2𝜆𝜎𝑂𝑃.

𝛼
 (7) 

Where: 𝜆 is the wavelength of the incident photon, 

and α is the absorption coefficient. 

 
Table (2) Comparison between the electrical and 

optical conductivity 

Doping ratio 

wt% 

Electrical con. 

eV 

Optical con. 

eV 

0 3.805 3.880 

2 3.740 2.870 

4 3.750 3.610 

6 3.750 3.630 

8 3.630 3.500 

CONCLUSIONS 
The films were prepared doped and undoped with 

different copper weight ratios, and showed a poly-

crystalline diffraction pattern. Moreover, there is 

no reflection of copper even with the highest 

percentage of deformation according to the 

international card JCPOS No. 41-1445. The 

intensity of the predominant reflection (110) 

increases with the distortion, especially the copper 

weight ratio (6 and 8) wt%. Consequently, the 

improvement crystallization led to a decrease in 

the values of the 𝐸𝑔
𝑂𝑝.

, and that the transitions are 

direct transitions allowed. In addition to the high 

convergence in the electrical and optical 

conductivity values that are calculated from the 

optical transmittance values, it increases the 

deformation with copper nanoparticles weight 

ratio. 
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