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Abstract 

 Undoped and cobalt doped copper selenide thin films have been successfully prepared unto fluorine 
tin oxide (FTO) substrates by electrodeposition method using copper acetate, cobalt nitrate and selenium 
(IV) oxide as precursors for copper, cobalt and selenium ions respectively. Deposited thin films were 
subjected to optical, structural, morphological, compositional and electrical analysis using 
spectrophotometer, x-ray diffractometer, scanning electron microscope (SEM), energy dispersive x-ray 
spectroscopy (EDS) and 4-point probe. Optical results observed between the wavelength range of 300 nm 
and 1,000 nm showed that the films have good optical responses. Absorbance values ranged between 0.1 
and 0.81 while transmittance lies between 15.59 and 78.68 %. Energy band gap of the films was found to 
vary from 2.10 to 2.28 eV. These results showed that cobalt as a dopant could be used to modify 
properties of copper selenide thin films. Structural analysis showed that the deposited films are 
polycrystalline in nature with hexagonal structural phase. Crystallite sizes of range 27.56 to 34.27 nm 
were obtained while dislocation density lied between 1.59 × 1015 and 1.05 × 1015 𝑙𝑖𝑛𝑒𝑠/𝑚2. 
Microstrain ranged between 1.39 × 10−3 and 1.13 × 10−3. Micrograph images showed flake-like 
particles that increased in size as percentage of cobalt increased. Energy dispersive spectroscope (EDS) 
results confirmed the incorporation of cobalt on the deposited copper selenide films. Electrical resistivity 
of the films increased from 5.84 × 10−4 to 31.96 × 10−4 Ω 𝑐𝑚 while conductivity decreased from 
17.11 × 102 to 3.13 × 102 S/cm as a result of variation in cobalt ion concentration. These properties of 
the deposited thin films positioned them for solar cell and optoelectronics device applications. 

Keywords: Copper selenide, Cobalt dopant, XRD, Electrical properties, Semiconductor films  
 
 
Introduction 

Copper selenide is among the widely studied binary transition metal chalcogenide semiconducting 
materials. Copper selenide as a semiconducting material has a p-type conductivity due to copper 
vacancies with both direct and indirect band gap [1], a property which is found most useful in the solar 
cell production [2]. It exists in different stoichiometric composition such as CuSe (klockmannite), 𝐶𝑢𝑆𝑒2 
(marcasite), Cu2Se (bellidoite), Cu3Se2 (umagnite) Cu5Se4 (athabaskite) and non-stoichiometric 
composition Cu2−xSe (berzelianite) [3-5]. Copper selenide occurs in broadly different crystallographic 
phases even at room temperature. This includes cubic, hexagonal, orthorhombic, monoclinic and 
tetragonal. Their formation depend upon method of preparation [6,7] and growth conditions. Reports have 
shown that CuSe mostly possessed hexagonal structural phase at room temperature and go through phase 
transition to orthorhombic at 48 °C and back to hexagonal phase at 120 °C. If exposed to high 
temperatures, copper selenide decomposes into Cu2−xSe and selenium.  Energy band gap of CuSe thin 
films has been shown by many researchers to vary depending on the fabrication methods and growth 
parameters. CuSe shows a direct band gap of 2. 2 eV and an indirect bandwidth of 1.4 eV [8]. Many 
researchers have deposited copper selenide thin films using different methods such as chemical bath 
method [9,10], electrodeposition [11,12], spray pyrolysis [2,4,13], spin coating [13,14], SILAR method 
[13-15]. 
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Cobalt ion has served as a dopant atom to ZnSe [16,17], CdSe [18], Bi2Se3 [19], NiSe [20]. Results 
obtained from these works showed that cobalt as a dopant has the tendency to modify optical, structural, 
electrical, morphological, compositional and magnetic properties of the parent binary metal selenide thin 
films. No literature works were recorded for doping copper selenide thin film with cobalt and this formed 
the motivation for this work. In this work, thin films of undoped and cobalt doped copper selenide were 
deposited using electrodeposition method. The electrodeposition setup is a 3-electrodes configuration 
system containing working electrode, counter electrode and reference electrode as shown in Figure 1. 
 
Materials and methods 

Three-electrodes (3-Es) electrodeposition configuration was employed for the synthesis of undoped 
and cobalt doped copper selenide thin films on conducting substrate (FTO). The experimental set up 
containing the electrolyte, power supply unit and the 3 electrodes is shown in Figure 1 below. The 
conducting substrate (FTO) was used as the working electrode (cathode). Platinum electrode served as the 
counter electrode (anode). The reference electrode used is a Silver/Silver chloride electrode (Ag/AgCl). 
Dazheng digital DC-power supply unit (model: PS-1502A) was used as source of energy supply to the 
electrodeposition setup. Two digital multimeters, (DT9201A CE and Mastech: MY60) were used in the 
setup for measuring voltage and current respectively. 
 
 

 
Figure 1 Schematic diagram of the 3-electrodes (3-Es) Electrodeposition set-up. 
 
 

For deposition of copper selenide thin film, the aqueous electrolytic bath composed of 15 mL of 
0.25 M Copper acetate and 15 mL of 0.2 M selenium dioxide were prepared and magnetically stirred for 
5 min. The solution was mixed with 5 mL of 0.05 M NaSO4 which served as a supporting electrolyte and 
5 mL of 0.1 M H2SO4 that served as a pH adjuster. The final solution was stirred for 5 min. The 3 
electrodes were immersed into the bath containing the electrolytic solution and 2 volts was maintained in 
the setup for 40 s. For the deposition of Co doped CuSe thin films, doping formulation according to [21] 
was adopted. Dopant percentage of 2, 4, 6 and 8 % was used. Similar procedure used for deposition of 
copper selenide thin film was adopted but with different concentrations of Co ion and Cu ion precursors 
as shown in Table 1. Four samples with different dopant percentages were fabricated. 

 
 

Table 1 Bath parameter of Co ion optimization of 𝐶𝑢1−𝑥𝐶𝑜𝑥𝑆𝑒 thin film. 

Cu ion precursor Co ion precursor 0.2 M 
SeO2 

0.05 M 
Na2SO4 

0.1 M 
H2SO4 

Voltage Time 

Con. (mole) Vol. (mL) Con. (mole) Vol. (mL) Vol. (mL) Vol. (mL) Vol. (m:) (volts) (sec.) 
0.250 15.00 - - 15.00 5.00 5.00 2.00 40.0 
0.245 15.00 0.005 15.00 15.00 5.00 5.00 2.00 40.0 
0.240 15.00 0.010 15.00 15.00 5.00 5.00 2.00 40.0 
0.235 15.00 0.015 15.00 15.00 5.00 5.00 2.00 40.0 
0.230 15.00 0.020 15.00 15.00 5.00 5.00 2.00 40.0 



Trends Sci. 2022; 19(16): 5686   3 of 17 

 

Electrosynthesized thin films were subjected to structural, optical, morphological, compositional and 
electrical studies. Optical study was carried out using 756S UV-VIS spectrophotometer. Structural 
analysis of the films were obtained using Empyrean XRD diffractometer. Morphology and compositional 
analysis were carried out using Nova NanoSEM and MIRA TESCAN SEM machine while electrical 
properties of the films were analyzed using Keithley 2,400-LV source meter.  
 
Results and discussion 

 Film thickness measurement  
The deposited film thicknesses (t) were evaluated using the gravimetric method given by [22,23]; 

 

𝑑 = Δ𝑚
𝜌𝐴

,                  (1) 
               
where Δ𝑚 is the mass of the film. A is the surface area of the deposited film and 𝜌 is the bulk density of 
the material film. The masses of the deposited films were obtained by finding the difference in mass 
between the mass of the glass substrate and the film after deposited and the mass of glass substrate before 
deposition. 
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Figure 2 Graph of thickness against amount of cobalt ion. 
 
 

Figure 2 showed the plot of thickness against amount of Co2+ ion. The result showed that as the 
Co2+ percentage increased, the thickness of the films increased. The deposited films are observed to be 
adhesive and uniform. CuSe film has the least thickness of 48.41 nm and the thickness was found to 
increase as cobalt ions were incorporated into copper selenide structure. The thickness increased to a peak 
value of 176.79 nm. The increase in film thickness as percentage of Co2+ ion increases could be explained 
on the basis of ions concentration in the electrolyte and film formation. When a few percentages of Cobalt 
dopant atoms are added into the reaction bath, the electrolyte ions concentration slightly increased thereby 
resulting to increase in the film growth rate [24,25]. Due to the fact that Co2+ ions are relatively small 
compared to the Cu2+, they can easily serve as substitutional impurities that can occupy the sites of the 
host lattice (Cu2+). The substitutional entrance of Co2+ dopant ions with slightly larger ionic radii (~ 7.5 
Å) than that of Cu2+ (~ 0.73) leads to expansion of the host lattice and hence lead to particle size increase 
as well as increase in the film thickness. 

 
Structural analysis 
Crystal structural analyses were done using X-ray diffractometer machine. From the X-ray 

diffraction pattern obtained, other structural properties such as d-spacing, full width at half maximum 
(FWHM) were obtained. The crystallite sizes (D) and micro-strain of the films were evaluated using 
Scherrer’s formula as given in Eq. (2). Debye-Scherrer’s formula for calculating crystallite sizes of a thin 
film material is given by [26,27] as; 
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𝐷 = 0.9 𝜆
𝛽 cos𝜃

                  (2) 
                 
Where 𝛽 is the full width at half maximum of the diffraction angles, 𝜆 is the wavelength of Cu-k𝛼1 
radiation used for X-ray diffraction analysis and 𝜃 is the diffraction angle. The dislocation density (𝛿) of 
thin films can be estimated using expression as provided by [28,29] in Eq. (3); 
 

𝛿 = 1
𝐷2

.                         (3) 
              
Micro-strain (𝜀) of thin film sample can be estimated using the expression in Eq. (4) as given by [29,30]; 
 

𝜀 = 𝛽
4 tan𝜃

                  (4) 
              

Figure 3 shows the X-ray diffraction patterns of copper selenide and cobalt doped copper selenide 
thin films. The X-ray diffraction results show that the undoped and doped copper selenide films have 
phase of copper selenide. Structural parameters of the deposited thin films are presented in Table 2. All 
the peaks correspond to the peaks present in the standard Powder Diffraction File (PDF) card number 00-
020-1020 of JCPDS-ICDD (The Joint Committee on Powder Diffraction Standard - International Centre 
for Diffraction Data). Similar structure for copper selenide thin films has been obtained by [6,31]. No 
peaks corresponding to starting materials such as Cu ion and Co ion precursors or their other selenide 
phases were found in the pattern. This purely revealed that doping CuSe with Co2+ ion does not affect the 
crystal structure of CuSe. The matching of the calculated dhkl values and the standard ones confirms that 
all the deposited films crystallize well in the hexagonal structure with preferential orientation of the 
crystallites along the (110) direction with 2 theta angles of 46.075, 46.101, 46.127, 46.153 and 46.180 ° 
for undoped and cobalt doped copper selenide thin films. 

Increase in dopant concentration caused an increase in intensity of the diffraction peaks and shift in 
the peaks towards larger angles as can be observed in Table 2. Peak shift towards higher angles as 
percentage of cobalt ion increases could be due to the fact that Co2+ atoms can comfortably occupy Cu2+ 
sites. This substitutional occupation of Cu2+ (ionic radius 0.73 Å) sites by Co2+ (ionic radius 0.75 Å) 
caused peak shift towards higher angles due to expansion of the lattice constant of the main ion (Cu2+). 
Average crystallite sizes of the films deposited range from 27.56 to 34.27 nm. Figure 4 showed the 
variation of crystallite size and dislocation density with percentage of dopant (Co2+ ion). Crystallite size 
of the films were found to increase while dislocation density decreases as percentage of cobalt increases.  
The observed variations in crystallite size, dislocation density and micro-strain was as a result of the fact 
that atomic radius of cobalt ion is slightly higher than that of copper ion. Also, values of micro-strain of 
the films were found to decrease as percentage of dopant increases. The changes in the crystallite size, 
dislocation density and micro-strain could be attributed to improvement in the crystal structure due to 
doping with cobalt ion. 
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Figure 3 XRD pattern of cobalt doped copper selenide thin film (a) CuSe, (b) copper selenide doped with 
2 % of cobalt ion, (c) copper selenide doped with 4 % of cobalt ion, (d) copper selenide doped with 6 % 
of cobalt ion and (e) copper selenide doped with 8 % of cobalt ion. 
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Table 2 Structural parameters of cobalt doped copper selenide thin films at varying concentration of 
cobalt ions. 

Samples 
20 (°) d-spacing (nm) 

FWHM (°) D (nm) δ x 𝟏𝟎𝟏𝟓 (lines/m2) ɛ x 𝟏𝟎−𝟑 
Std. Obs. Std. Obs. 

CuSe 

26.587 26.697 0.335 0.334 0.491 17.37 3.32 2.08 
28.127 28.049 0.317 0.318 0.363 23.57 1.8 1.54 
31.138 31.173 0.287 0.287 0.258 33.42 0.9 1.08 
46.085 46.075 0.197 0.197 0.288 31.36 1.02 1.15 
50.079 50.057 0.182 0.182 0.268 34.22 0.85 1.06 
56.707 56.721 0.162 0.162 0.371 25.41 1.55 1.42 

  Average 27.56 1.57 1.39 

Co: 2 % 

26.587 26.723 0.335 0.333 0.461 18.49 2.93 1.96 
28.127 28.075 0.317 0.318 0.352 24.31 1.69 1.49 
31.138 31.199 0.287 0.286 0.218 39.55 0.64 0.92 
46.085 46.101 0.197 0.197 0.228 39.63 0.64 0.91 
50.079 50.083 0.182 0.182 0.208 44.10 0.51 0.82 
56.707 56.748 0.162 0.162 0.351 26.85 1.39 1.35 

  Average 32.16 1.45 1.32 

Co: 4 % 

26.587 26.75 0.335 0.333 0.441 19.32 2.68 1.87 
28.127 28.101 0.317 0.317 0.322 26.58 1.42 1.36 
31.138 31.225 0.287 0.286 0.218 39.54 0.64 0.92 
46.085 46.127 0.197 0.197 0.238 37.96 0.69 0.95 
50.079 50.11 0.182 0.182 0.208 44.1 0.51 0.82 
56.707 56.774 0.162 0.162 0.311 30.3 1.09 1.19 

  Average 32.97 1.17 1.19 

Co: 6 % 

26.587 26.776 0.335 0.333 0.431 19.78 2.56 1.83 
28.127 28.127 0.317 0.317 0.312 27.45 1.33 1.32 
31.138 31.251 0.287 0.286 0.228 37.84 0.7 0.96 
46.085 46.153 0.197 0.197 0.208 43.47 0.53 0.83 
50.079 50.136 0.182 0.182 0.208 44.13 0.51 0.82 
56.707 56.8 0.162 0.162 0.321 29.39 1.16 1.23 

  Average 33.68 1.13 1.17 

Co: 8 % 

26.587 26.802 0.335 0.332 0.411 20.75 2.32 1.75 
28.127 28.153 0.317 0.317 0.302 28.36 1.24 1.28 
31.138 31.278 0.287 0.286 0.218 39.58 0.64 0.91 
46.085 46.180 0.197 0.196 0.218 41.47 0.58 0.87 
50.079 50.162 0.182 0.182 0.208 44.14 0.51 0.82 
56.707 56.827 0.162 0.162 0.301 31.34 1.02 1.16 

  Average 34.27 1.05 1.13 
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Figure 4 Variation of crystallite sizes and dislocation density with cobalt concentration. 
 
 
 Optical properties 

Transmittance (T) of the film was evaluated using Eq. (5) as given by [32,33]; 
  
𝑇 = 10−𝐴                  (5) 
                
Reflectance (R) was obtained using the expression in Eq. (6) as given by [34,35]; 
 
𝑅 = 1 − [𝑇 ∙ exp(𝐴)]

1
2               (6) 

        
The absorption coefficient (𝛼) was calculated from the transmittance values using the Eq. (7) as given by 
[36,37]; 
 
𝛼 = 1

𝑡
In �1

𝑇
� .                 (7)  

 
Where 𝑡 is film thickness obtained using Eq. (1). Extinction coefficient (k) was obtained using Eq. (8) as 
given by [38,39]; 
 
k =  α λ

4π
                  (8) 

                 
Refractive index (𝜂) of the films were calculated using Eq. (9) as given by [40,41]; 
 

𝜂 = 1+𝑅
1−𝑅

+ � 4𝑅
(1−𝑅)2

− 𝑘2               (9)

          
Optical conductivity (𝜎𝑜) was estimated using Eq. (10) as given by [42,43]; 
 
𝜎𝑜 = αηc

4π
.                            (10)    

                          
Where c is the speed of light. 
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The energy band gap (𝐸𝑔) was estimated using Tauc’s model of Eq. (11) as given by [44,45]; 
 
(𝛼ℎ𝑣)𝑛 = 𝛽�ℎ𝑣 − 𝐸𝑔�.                           (11)
                    
Where 𝛽 is a constant, 𝑛 = 2 for direct band gap. The energy band gaps of the films were obtained by 
extrapolating the straight portion of the plot of (𝛼ℎ𝑣)2 against the photon energy (ℎ𝑣) at (𝛼ℎ𝑣)2 = 0. 
 

Figure 5 shows the graph of absorbance of deposited undoped and cobalt doped copper selenide thin 
films plotted against wavelength. The results showed that absorbance values decreased as wavelength of 
photon increases within UV and VIS regions but increased slightly within NIR region. Absorbance was 
also found to increase as percentage of cobalt increases. The increase in absorption of photon energy is an 
evidence that there is substitution of copper ions by cobalt ions in the lattice structure of copper selenide. 
Absorbance values observed for copper selenide thin film doped with various percentages of cobalt ions 
positioned them as potential materials for absorber layer of a thin film solar cell. Similar decrease in 
absorbance when cobalt was used as dopant atom had been obtained by [46,47]. 

 Figure 6 shows the graph of transmittance of undoped and cobalt doped copper selenide thin films 
plotted against wavelength. Transmittance values of the films were found to increase as wavelength 
increases within UV and VIS regions. Slight decrease in transmittance values was observed in NIR region. 
Also, transmittance values were found to decrease as percentage of cobalt ion increases. This decrease in 
transmittance is as a result of high absorption of photon energy by the films occasioned by incorporation 
of cobalt ions within the lattices of copper selenide structure. Sahebi et al. [48] and Poongodi et al. [49] 
obtained similar trend in the transmittance of binary thin films of CdSe and ZnO doped with Ag and Co 
respectively.  

Figure 7 shows the graph of reflectance of undoped and cobalt doped copper selenide thin films 
plotted against wavelength. Generally, the undoped and cobalt doped copper selenide thin films possessed 
low reflectance in all region of photon wavelength. The reflectance of the thin films increase from its least 
values within UV region to peak values of 20.20 and 20.33 % at 320 nm for undoped CuSe and CuSe 
doped with 2 % of cobalt ion, and 20.34 % at 335, 380 and 450 nm for films doped with 4, 6 and 8 % 
cobalt ion respectively. The reflectance values were found to decrease as wavelength increases within VIS 
region but later increase with increase in wavelength within NIR region. Also, reflectance values of the 
films were found to increase as cobalt ion concentration increases mostly within VIS region except for 
film doped with 4 % of the dopant. This results showed that these films are good absorber of photon 
energy within the visible region and could be used to shed UV radiation and for antireflective coatings. 

 
 

300 400 500 600 700 800 900 1000 1100
0

10

20

30

40

50

60

70

80

90

100

A
bs

or
ba

nc
e 

(%
)

Wavelength (nm)

 CuSe
 Co: 2%
 Co: 4%
 Co: 6%
 Co: 8%

 
Figure 5 Plot of absorbance against wavelength for cobalt doped copper selenide thin films deposited at 
different percentage of cobalt ion. 
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Figure 6 Plot of transmittance against wavelength for cobalt doped copper selenide thin films deposited 
at different percentage of cobalt ion. 
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Figure 7 Plot of reflectance against wavelength for cobalt doped copper selenide thin films deposited at 
different percentage of cobalt ion. 
 
 
 Figure 8 shows the graph of extinction coefficient of undoped and cobalt doped copper selenide 
thin films at varying doping concentration. Extinction coefficient being the measure of the loss of photon 
energy due to absorption or scattering as it passes through the thin film materials was found to decrease 
within UV and VIS regions but increases toward NIR region. Extinction coefficient of the films was 
found to decrease as percentage of cobalt ion increase. Values of the extinction coefficient for the 
undoped and doped copper selenide thin film ranged between 0.10 and 0.62. These range of extinction 
coefficient values confirmed the photon absorption potentials of undoped and cobalt doped copper 
selenide thin films doped with different percentage of cobalt ion.  
 Figure 9 shows the graph of refractive index of undoped and cobalt doped copper selenide thin 
films plotted against wavelength. Undoped and cobalt doped copper selenide thin films possessed 
refractive index values that vary with photon wavelength. The refractive index of the thin films increase 
from it least values within UV region to peak values of 2.56 and 2.59 at 320 nm for undoped CuSe and 
CuSe doped with 2 % of cobalt ion, and 2.63 at 335, 380 and 450 nm for films doped with 4, 6 and 8 % 
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cobalt ion concentration respectively. The refractive index values were found to decrease as wavelength 
increases within VIS region but later increase with increase in wavelength within NIR region.  
 Figure 10 shows the graph of optical conductivity of undoped and cobalt doped copper selenide 
thin film plotted against wavelength. The result showed that optical conductivity of the deposited thin 
films decreased as wavelength increases within UV and VIS regions but increase slightly towards NIR 
region. Also, minor decrease in optical conductivity was observed as cobalt ion percentage increased in 
the deposited thin films. 
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Figure 8 Plot of extinction coefficient against wavelength for cobalt doped copper selenide thin films 
deposited at different percentage cobalt ion. 
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Figure 9 Plot of refractive index against wavelength for cobalt doped copper selenide thin films deposited 
at different percentage of cobalt ion.       
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Figure 10 Plot of optical conductivity against wavelength for cobalt doped copper selenide thin films 
deposited at different percentage of cobalt ion. 
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Figure 11 Plot of (αhv)2 against photon energy for cobalt doped copper selenide thin films deposited at 
different dopant concentrations. 
 
 

Figure 11 shows the plot of (αhv)2
 against photon energy for undoped and cobalt doped copper 

selenide thin films. From the plot, energy band gap of the films were estimated by extrapolation of the 
straight portion of the graph along the photon energy axis where (𝛼ℎ𝑣)2 = 0. Energy band gap of 2.10 
eV was obtained for undoped copper selenide thin film and the 2.12 eV obtained for CuSe doped with 2 
% of cobalt ion. Energy band gap of 2.20, 2.22 and 2.28 eV were obtained for copper selenide thin films 
doped with 4, 6 and 8 % of cobalt ion concentration. The result revealed an increment in energy band gap 



Trends Sci. 2022; 19(16): 5686   11 of 17 

 

of films as cobalt ion concentration increases and confirms the possibility of band gap engineering of 
copper selenide using cobalt ion as impurity atoms. Similar trend in increase in band gap as percentage of 
dopant increases had been reported by [50-52]. This increment in energy band gap values could be related 
to cobalt ion incorporation in the structure of copper selenide and possibly be attributed to the quantum 
confinement effect of electron and hole in the deposited thin films. 
 
 Morphological/compositional analysis 

Figure 12 shows the SEM images of undoped and cobalt doped copper selenide thin films 
deposited at different concentration of cobalt ions. The SEM images showed irregular flake-like particles 
that increase in size as percentage of cobalt increases. These particles are of unequal size distribution 
which suggest formation of polycrystalline thin films of copper selenide and cobalt doped copper selenide 
thin films as confirmed by XRD results. Figure 13 showed the corresponding EDS results. The results 
confirmed the present of cobalt ion in increasing proportion as percentage of cobalt ion increases. These 
results showed that cobalt ions were effectively distributed into CuSe crystal structure which lead to 
improvements in the properties of CuSe thin films. Peaks corresponding to other elements such as tin 
(Sn), sulphur (S), oxygen (O), carbon (C) and nitrogen (N) were observed. Their presence is likely due to 
composition of substrates or precursor solutions used. Table 3 shows the atomic percentages of the 
elements present in the deposited undoped and cobalt doped copper selenide thin films. 
 
 

 
 

Figure 12 SEM Micrograph of undoped and Cobalt doped Copper Selenide Thin films. 
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Figure 13 EDS Results of undoped and Cobalt doped Copper Selenide thin films. 
 
 
Table 3 Elemental composition of deposited undoped and Cobalt doped Copper selenide thin films. 

Samples C O S Si Co Cu Se Sn Total 

 (%) 
CuSe 6.92 19.45 - 1.11 - 30.46 19.59 22.47 100 

Co: 2 % 6.24 15.00 - 0.08 1.57 37.69 22.67 16.75 100 
Co: 4 % 6.35 14.41 - 1.24 1.93 41.75 18.62 15.70 100 
Co: 6 % 4.72 13.33 - 2.70 2.57 44.84 20.29 11.55 100 
Co: 8 % 6.20 10.95 2.01 - 3.47 46.14 22.90 8.33 100 

 
 

Electrical properties 
The measurement of dc conductivities was accomplished through the 4-point probe technique The 

4-point probe apparatus has 4 probes in a straight line with an equal inter-probing spacing. A constant 
current passes through 2 outer probes and an output voltage is measured across the 2 inner probes. The 4 
point probe machine gives the values of the resistance (V/I), current and voltage of the films while the 
electrical conductivities and resistivity of the synthesized thin film were determined using expressions as 
given by [53-56] in Eqs. (12) and (13) respectively; 

 
𝜌 = 𝜋𝑡

𝑙𝑛 2
�𝑉
𝐼
� = 4.523𝑡 �𝑉

𝐼
�,                      (12) 

             
and electrical conductivity is given as; 
 
σ = 1

ρ
                         (13)

                 
where 𝑡 is the thickness of the films obtained using Eq. (1) 
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Electrical properties of cobalt doped copper selenide thin film synthesized at different cobalt ion 
concentration is shown in Table 4. The result revealed a variation in the electrical properties due to the 
doping of CuSe with cobalt ion. Electrical resistivity of 5.84 × 10−4 Ω 𝑐𝑚 and conductivity of 17.11 ×
102 (𝑆/𝑐𝑚) were obtained for CuSe thin film. These values correspond to results obtained by [57,58]. On 
doping CuSe with cobalt ion, the resistivity of the films was found to increase to 31.96 × 10−4 (Ω 𝑐𝑚) 
while the electrical conductivity decreased to 3.13 × 102 (𝑆/𝑐𝑚) as doping concentration increases. 
Helan et al. [59] obtained similar increase in electrical resistivity when copper selenide was doped with 
different concentration of tin ion. Figure 14 showed the graph of electrical resistivity and conductivity 
against percentage cobalt ions. The decrease in electrical conductivity could be as a result of increase in 
the thickness of the deposited thin films due to increase in cobalt ion concentration. The decrease in 
electrical conductivity may also be attributed to low conductivity of cobalt compared to that of copper. 
Shariffudin et al. [60] suggested that increase in electrical resistivity is due to increased trapped carriers in 
the grains boundaries which may be due to porosity of the deposited films. 
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Figure 14 Variation of electrical resistivity and conductivity with percentage of cobalt ion. 
 
 
Table 4 Electrical properties of cobalt doped copper selenide thin films deposited at different dopant 
concentration. 

Dopant conc. 𝑽 × 𝟏𝟎−𝟑 
(volts) 

𝑰 × 𝟏𝟎−𝟓 
(amps) 𝑹 (𝛀) Thickness  

(nm) 
𝑹𝒔 

(𝛀/𝒔𝒒) 
𝝆 × 𝟏𝟎−𝟒 

(𝛀 𝒄𝒎) 
𝝈𝒆  × 𝟏𝟎𝟐 
(𝑺/𝒄𝒎) 

CuSe 1.44 5.43 26.64 48.41 120.69 5.84 17.11 

Co: 2 % 4.77 10.88 43.85 63.53 198.65 12.62 7.92 

Co: 4 % 30.86 94.96 32.50 101.65 147.21 14.96 6.68 

Co: 6 % 3.39 11.24 30.13 142.31 136.50 19.43 5.15 

Co: 8 % 4.25 10.65 39.91 176.79 180.77 31.96 3.13 
 
 
 



Trends Sci. 2022; 19(16): 5686   14 of 17 

 

Conclusions 

Electrosynthesis of copper selenide and cobalt doped copper selenide thin films has been 
successfully carried out at room temperature using 3 electrodes setup. Formed CuSe and Co doped CuSe 
thin films were subjected to optical, structural, morphological, compositional and electrical analyses. 
Improvements in optical properties of CuSe were observed as cobalt percentage concentration increased 
from 2 to 8 %. Absorbance values of the films ranged between 0.1 and 0.81 while transmittance values 
were in the range of 15.59 and 78.68 %. Energy band gap values were found to vary from 2.10 to 2.28 
eV. These results showed that cobalt as a dopant could be used to modify properties of copper selenide 
thin films. Good optical responsiveness of the films was confirmed by values of the reflectance, refractive 
index, extinction coefficient and optical conductivity. Structural analysis showed that the deposited films 
are polycrystalline in nature with hexagonal structural phase. Crystallite sizes of range 27.56 and 34.27 
nm were obtained while dislocation density lied between 1.59 × 1015 and 1.05 × 1015 𝑙𝑖𝑛𝑒𝑠/𝑚2. 
Microstrain ranged between 1.39 × 10−3 and 1.13 × 10−3. Micrograph images showed flake-like 
particles that increased in size as percentage of cobalt increased. Energy dispersive spectroscope (EDS) 
results confirmed the incorporation of cobalt on the deposited copper selenide films. Electrical resistivity 
of the films increased from 5.84 × 10−4 to 31.96 × 10−4 Ω 𝑐𝑚 while conductivity decreased from 
17.11 × 102 to 3.13 × 102 S/cm. These properties of the deposited thin films positioned them for solar 
cell and optoelectronics device applications such as light emitting diodes, photodectors, laser diodes and 
others. 
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