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Abstract— Manganese doped copper sulphide nanofilms were prepared using aqueous solution of zinc chloride, manganese chloride, 
sodium thiosulphate and triethanolamine as a complexing agent by electrodeposition method.  The experiment was carried out at room 
temperature and optimum deposition condition with the manganese percentage doping varied from 3% to 23%.  The XRD pattern revealed 
that Mn doped CuS nanofilms have cubic structure with mean crystallite size of approximately 2.7937nm.The thickness and conductivity of 
CuS:Mn films were determined by optical method. Results from our investigation revealed that with the increasing of Mn percentage doping 
from 3% to 23%, the thickness of the CuS:Mn films ranged from 4.23 – 18.49nm, absorption coefficient from 0.20 x 105  to 1.0 x 105, optical 
conductivity from 3.0 x1012 to 5.50 x1012 and electrical conductivity from 1.53 x 102 to 1.58 x  102. Such CuS:Mn films in nanometer size 
range and of high conductivity could be suitable for applications in the fabrications of thin films solar cells and various  optoelectronic 
devices. 

Index Terms— Effect of manganese percentage doping, Thickness, Conductivity, Copper sulphide nanofilms, Electrodeposition 

——————————      —————————— 

1 INTRODUCTION                                                                     
OPPER sulphide as an important member of II-VI semi-
conductor chalcogenide family has great potential in ap-
plications such photothermal conversion, solar cells, elec-

troconductive electrodes, microelectronic devices, optical fil-
ters, microwave shielding coatings in low temperature gas 
sensor [1]. Ternary copper chalcogenides like copper indium 
diselenide and copper indium gallium selenides, in recent 
times, are now widely used in the fabrication of solar photo-
voltaic cells. Special attention is given to copper sulphide thin 
films due to the discovery of the CdS/CuxS hetereojunction 
solar cell [2, 3]. 
 Copper sulphides had been widely studied because they form 
complex structures, with copper atoms in a mixed valence 
states in some of its phases [4]. Such characteristics are respon-
sible of very interesting physical properties such as a high 
electrical conductivity [4]. The compounds exhibit fast ion 
conduction at high temperatures and exist in wide variety of 
composition ranging from Cu2S at Cu- rich sites to CuS2 at 
Cu-deficient sites such as CuS [5].   
 
 
 
 

 
 

 Doping of semiconductor allowed the widespread application 
of such semiconductor in electronic and optic components.[6]. 
The process of introducing an impurity to semiconductor thin 
films provides control of band gap, Fermi energy and presence 
of charge carriers. Incorporation of dopant ions to the host 
semiconductor increases its carrier concentration and electrical 
conductivity but degrade the transparency due to the increas-
ing free carriers absorption [7]. However, at higher doping 
level, increase in carrier concentration lowers mobility due to 
charge scattering from ionized impurities. Electrical conduc-
tivity increase with the increase of film thickness and anneal-
ing temperature  [8, 9]. Annealing process improves crystallin-
ity of the film; and this indicates low defect density. Thin films 
with low defect density have better electrical property [10]. 
Copper sulphides films are p-type substances with holes as 
the majority carriers [11,12] 
There are various methods to prepare copper sulphide thin 
films such as spray pyrolysis [13], Successive ion layer adsorp-
tion and reaction method [14], photochemical deposition [15], 
chemical bath deposition [16] electrodeposition 
[17].Particularly attractive, however, is the electrodeposition 
because of its economy and simplicity for deposition on trans-
parent conducting glass substrates coated with highly con-
ducting semiconductor such as indium tin oxide (ITO). In this 
work, electrodeposition method has been applied. The main 
purpose of this study is to investigate the influence of manga-
nese percentage doping on the thickness and conductivity of 
copper sulphide nanofilms. 

2 MATERIALS AND METHODS 
Manganese doped CuS:Mn nanofilms were prepared from 
acidic bath containing aqueous solutions of 10ml of 0.05M 
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copper chloride as Cu+2  ions precursor, 10ml of manganese 
chloride (with Mn ions molar ratio varies from 3% to 23%) as 
Mn+2 ions precursor, 10ml of 0.05M sodium thiosulphate as S2- 
ions precursor, 10ml of 0.05M  tri-ethanolamine (TEA) as a 
complexing or capping agent. All the chemicals used for the 
electrodeposition were of analytical grade and all solutions 
prepared in de-ionized water (Alpha-Q-millipore). Prior to 
deposition, the ITO glass substrates were degreased with eth-
anol for 10 minutes; then ultrasonically cleaned with de-
ionized water for another 10minutes and finally dried in a 
desicator. The surface of the platinum plate was thoroughly 
cleaned and polished. The experiment was carried out using 
acidic bath of PH 3, at room temperature, optimum deposition 
time of 60 seconds and optimum deposition voltage of 4.0 
Volts with manganese percentage doping in the reaction bath 
varies from 3% to 23%. The reactions mechanisms for the elec-
trodeposition involve chelating of Cu2+ and Mn2+ ions with 
complexing agent, tri-ethanolamine to form a complex 
ions,CuMnTEA2+ and the reaction of this complex ions with 
the S2- ions from aqueous sodium thiosulphate to form CuMnS 
thin layer at the surface of the cathode (ITO glass substrate). 
The deposited thin films were washed with de-ionized water, 
annealed at temperature 250˚C and kept for analysis. 
The X-ray diffraction patterns of Mn doped ZnS nanofilms 
were recorded by X-ray Mini Diffractometer MD 10 Model 
with Cu-Ka radiation source of λ=0.15406nm.The thickness 
and conductivity were determined from the optical data ob-
tained by JENWAY 6405 UV-Vis spectrophotometer at wave-
length range of 280nm to 1100nm using the appropriate for-
mula. 

3 RESULTS AND DISCUSSION 
The XRD pattern of the CuS:Mn film sample with 8% Mn is 
shown in fig. 1.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The crystals of Mn doped CuS have cubic structure with pref-
erential growth along (400) direction and lattice constant of a = 
b = c = 10.087Å.  The crystallite sizes of the film sample were of 
range, 1.17 – 5.5.1032nm with the mean crystallite size of ap-

proximately 2.7937nm.  Similar cubic structure had been re-
ported for CuS prepared by spray pyrolysis and electrodeposi-
tion [18, 19,20]. The low dislocation density value (0.3302) and 
low microstrain value (0.005) confirmed the good crystallinity 
of CuS:Mn film sample. 
 
The variation of thickness of CuS:Mn films with manganese 
percentage doping is represented in Fig. 2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The film thickness increased from 13.27nm to 18.49nm as Mn 
doping %  increased from 3% to 8% and  then decreased to 
4.23nm as Mn doping % increased to 23%. The highest film 
thickness value (18.49nm) was obtained from the film sample 
(P3C2) doped with 8% Mn. The results revealed that at low Mn 
percentage doping level, the thickness of the film increased 
with the increasing of Mn doping % but decreased with the 
increasing of Mn doping % at higher Mn percentage doping 
level.  Similar results had been reported for Mn doped-CdS, 
ZnS [9, 21,22]. The decrease in the thickness of the film at 
higher Mn doping concentrations may be attributed to de-
crease in the growth rate, an indication of minimal deposition 
of the material on to the substrate [21]. Based on the results 
obtained, we conclude that electrodeposition using 8% Mn at 
room temperature was the best condition to prepare good 
quality of CuS:Mn nanofilms under the current condition. 
Such CuS:Mn nanofilms could find suitable for applications in 
various fields of nanofilms technology such nanofilms solar 
cells, photothermal, optoelectronic and spintronic devices. 
[1,2,3] 
The absorption coefficient (α) spectra, optical conductivity (σ0) 
spectra and electrical conductivity (σe) spectra of CuS:Mn 
nanofilms with different Mn percentage doping are shown in 
Fig. 2, Fig. 3 and Fig. 4 respectively. 
 
 
 
 
 
 
 

 
Fig. 1 XRD pattern ZnS:Mn nanofilm with 8% Mn doping  

  

 

 
Fig. 2. Film thickness variation with manganese percentage 
doping for CuS:Mn nanofilms 
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Fig. 2 revealed that the absorption coefficient (α) of all the 

electrodeposited CuS:Mn nanofilms were relatively high in the 
wavelength range of UV region and zeroed from the wave-
length of 680nm. At wavelength of 550nm in the visible region, 
the average absorption coefficient of the CuS:Mn films in-
creased from 0.50 x 105 to 1.0 x 105 as Mn doping % increased 
from 3% to 8%  and then decreased to 0.20 x 105  as Mn    dop-
ing % increased to 23%. The highest absorption coefficient 
value (1.0 x 105) was obtained from the film sample (P3C2) 
doped with 8% Mn. The results revealed that the absorption 
edge of all the deposited CuS:Mn films are blue shifted to-
wards the shorter wavelength range 290nm - 300nm and this 
could be attributed to the influence of Mn dopant ions. The 
obtained absorption coefficient of magnitude 105 compares 
well to 106 reported for FeCuS thin films [23] and 106 -10- re-
quired for semiconductor thin film solar cells [24]. Such films 
with high absorption coefficient could be employed in the fab-
rication of thin films solar cells and various optoelectronic de-
vices. 
Fig. 3 revealed that the optical conductivity of the CuS:Mn 
nanofilms were relatively high in UV  region and  low in NIR 
region. At wavelength of 550nm, the average optical conduc-
tivity of CuS:Mn  films increased from 4.50 x1012   to 5.50 x 1012  
as Mn doping % increased from 3% to 8% and then decreased 
to 3.0 x1012 as Mn doping  % increased to 23%. The highest 
optical conductivity value (5.50 x 1012) was obtained from the 
film sample (P3C2) doped with 8% Mn. The obtained results 
revealed that all the CuS:Mn film samples exhibited high av-
erage optical conductivity of magnitude 1012 showing  that 
they have good photo response. The difference in the average 
optical conductivity values of CuS:Mn film samples may be 
ascribed to the effect of different Mn percentage doping. Such 
CuS:Mn films  are good candidate materials for the fabrication 
of thin films solar cells. The films could also be employed as 
photoconductors to generate photocurrents in optoelectronics 
devices. 
Fig. 4 revealed that electrical conductivity (σe) of CuS:Mn 
nanofilms were  high throughout UV-Vis-NIR. At wavelength 
of 550nm in the visible region, the average electrical conduc-
tivity of CuS:Mn nanofilms  increased from 1.55  x 102 to 1.58 
x102 as Mn doping % increased from 3% to 8%  and then de-
creased to 1.53 x 102 as Mn doping % increased to 23%. The 
highest electrical conductivity value (1.58 x 102) was obtained 
from the film sample doped with 8%. The results showed that 
at low doping region, electrical conductivity increased with 
the increasing of Mn percentage doping. The decrease in elec-
trical conductivity observed at higher doping region may be 
attributed to decrease in carrier mobility due to impurity scat-
tering [8].  The magnitude of average electrical conductivity 
102 for the CuS:Mn nanofilm samples is within the electrical 
conductivity range of 10-13  to 102  of semiconductors  [24]. The 
difference in the peak values of electrical conductivity of the 
CuS:Mn film samples may be attributed to the effect of varia-
tion in Mn percentage doping. Such CuS:Mn films with high 
electrical conductivity could be employed in the manufacture 
of the thin films solar cells and in various optoelectronics de-
vices. 
 

 
Fig. 3. Absorption coefficient spectra of CuS:Mn nanofilms  

 

 
Fig. 5. : Electrical conductivity spectra of CuS:Mn nanofilms 

 

 
Fig. 4. : Optical conductivity spectra of CuS:Mn nanofilms 
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4 CONCLUSION 
Manganese doped CuS nanofilms with different Mn percent-
age doping have been successfully deposited on ITO glass 
substrates by electrodeposition method. The XRD studies re-
vealed that CuS:Mn nanofilms have cubic structure with crys-
tallite size of approximately 2.7937nm.. The thickness and 
conductivity of the films were determined by optical method. 
Results from optical analysis showed that with the increasing 
of Mn percentage doping from 3% to 23%, the thickness of the 
CuS:Mn nanofilms ranged from 4.23nm to 18.99nm, absorp-
tion coefficient from 0.20 x 105 to 1.0 x 105, optical conductivity 
from 3.0 x 1012 to 5.50 x 1012 and electrical conductivity  from 
1.53 x 102 to 1.58 x 102. The difference in the thickness and av-
erage conductivity values of the CuS:Mn films shows that the 
both parameters are significantly influenced Mn percentage 
doping. Such CuS:Mn thin films with thickness in nanometer 
range and of high conductivity are promising candidate mate-
rials for thin films solar cells fabrications and various optoelec-
tronic devices applications. 
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