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Abstract 
       In this paper, Cu2S/CdS solar cells were prepared with different thickness of CdS layer, 
these layers were prepared by using chemical spray pyrolys is technique. The chemical spray 
solution was prepared by mixing cadmium chloride CdCl2 and thiourea CS(NH2)2 of molar 
concentration 0.1 M/L, the CdS layer was formed after the solution was sprayed on hot 
Aluminum substrate at temperature 400°C. Experimentally the type of CdS film was found as 
n–type depending on the results  of Hall Effect, the value of the Hall factor (RH) is about –
1.348 x 10–6 m3/C and the dens ity of the majority charge carriers (N) is about 4.64x1018 cm–3. 
      The prepared film was tested by us ing X-Ray diffraction; the result shows that the film 
was CdS with a polycrystalline structure. 
      The Cu2S layer was prepared by using Chemical dip process; this layer was formed on the 
surface of the CdS film and it is always 
p-type. The heat treatment was utilized to form the p–n junction. 
     The current-voltage characteristics of p-Cu2S\n-CdS solar cells was studied, the efficiency 
of the prepared cells of different thickness; (2.19, 2.52, 3.64, and 5.55) μm of CdS layer was 
calculated at 85.4 mW/cm2 light intensities, the results  show that the thickness of the 
polycrystalline CdS film is an important parameter affecting the cell efficiency. 
 

Introduction 
Semiconductors materials like II-VI compounds have become more important in making 

photovoltaic devices , photoconductors, and infrared detectors and solar cells (1, 2). The 
Cadmium Sulfide (CdS) is an interesting material for the direct conversion of sun light in to 
electricity, it is characterized by a self –generated electromotive force (e. m. f), and it was 
identified as a potential material for low cost terrestrial photovoltaic energy conversion. CdS 
is a direct band gap semiconductor and it is a good absorber for sunlight with high optical 
absorption coefficient. Cadmium Sulfide /Copper Sulfide solar cell is one of the important 
thin films hetrojunction types  (3, 4). 

The chemical spray pyrolysis technique was used to prepare CdS layer, it is asimple and 
law cost thin film technology and it is utilized to form wide area film and it is capable to 
produce high thickness of CdS film, which leads to an accepted efficiency (5). 
      The necessary thickness of the CdS film seems to be a function of the relative physical 
perfection of the film. Most of high efficiency CdS cells were made from films with thickness 
of 5–20 μm. In thick film( more than 1 μm); there is an increase in the production of pairs 
(Electron– Hole) that leads to increase the photocurrent at the illuminated cell, but in thin CdS 
layer, the number of defects in the active region will probably increase and the conversion 
efficiency will deteriorate.  
     The behaviour of Cu2S–CdS solar cell as a function of the thickness is somewhat more 
involved than for Si devices , this reason argues that the CdS layer can be reduced to the order 
of micron without aharmful effect; this would be true in a single crystal device,  
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polycrystalline CdS usually made thick to prevent such problems (6, 7). 
The dipping process is the most often used method for the formation of the Cu2S layers 

for Cu2S–CdS solar cell. The reaction consisting in the displacement of one cadmium ion 
(Cd+2) by two copper ions (2Cu+2) is according to the following reaction: 
Cu++

+ CdS  CuS + Cd++ 

CuS + Cu++  + 2e  Cu2S 
      The Cu2S was formed on the CdS layers, it is avery thin layer and it is always p–type and 
highly conductive. 
     The p–n junction should be formed to get a photovoltaic device; generally, a "heat 
treatment" is used to form the junction. The conditions for the heat treatment depend on the 
CdS and Cu2S fabrication method (8). 
     The annealed films may be attributed to the structure improvement and the decrease of the 
degree of amorphos ity leading to decrease the localized states (9). This increasing of the 
mobility and concentration is due to the reduction of scattering of the carrier from the surface 
and the ionized impurities scattering gradually takes over, which agree with Kasmarski (10) 
Ohmer (11) and Jeong and Park (12) as well as the elimination of defects in films, and to the 
increasing in crys talline size which would decrease the number of the grain boundaries. The 
CdS film which was tested by X–ray diffraction (Nakamura et al (13).has  a hexagonal 
structure. 
 
The experimental work 

The chemical spray pyrolysis system was used in preparing the CdS film on pure 
Aluminum substrate of 3×3 cm2 area and 1mm thickness. A metal substrate was used since it 
is already conducting.
The spraying solution was prepared by mixing 18.34 gm of cadmium chloride (CdCl2) and 
7.612 gm thiourea {CS(NH2)2} of molar concentration 0.1 Mole/Liter., then they were used as 
starting materials. The CdS film was formed on a hot Aluminum substrate at the temperature 
of 400 C after 2-3 minutes from the beginning of the spray operation from the atomizer, as 
shown in fig. (1).The temperature of the substrate was controlled by a digital readout 

temperature controller unit of ±0.1C accuracy. The spraying operation is continued for 
several times then the yellow–orange deposit layer would appear on the substrate, it was a 
film of the CdS material, according to the following chemical reaction (8, 14): 

CdCl2 + CS (NH2)2 + 2H2O  CdS + 2NH4Cl  + CO2  
                                         yellow-orange depos it 
The thicknesses of the prepared films were measured by using the "Weight method". 
The Cu2S layer was form by dipping the CdS film into a hot solution containing cuprous ions 
for 30 sec. The dipping solution was prepared by adding copper chloride (CuCl) with NaCl 
and hydrazine (2NH2.HCl), the materials concentration of the dipping solution are: 
6 gm/L CuCl, 2 g/L NaCl, and 1 ml/L hydrazine. Adjusted with HCl, PH=3.5. The reaction is 
generally performed in an aqueous  solution, and it takes place at a temperature around 90 C. 
The replacement reaction is: 

CdS + 2CuCl    Cu2S + CdCl2
blue-black deposit 

     By using the dipping method; a thin layer of about 0.1–0.3 μm of Cu2S was formed on the 
surface of CdS film and it is in a very intimate contact with it (4, 14). 
     The heat treatment is the required method to form the p-n junction, the layers of CdS and 
Cu2S are dried and heated in an oven at 180°C for 3-5 minutes. 
The ohmic contact made by evaporation Aluminum under vacuum using coating sys tem type 
"Edwards E306A", the Aluminum mesh used as an upper electrode with the help of the mask, 
the evaporation condition was done in the pressure of 2×10–5 bar. 
     By using Hall Effect; the type of CdS film was found as n–type, depending on the value of 
Hall Factor (RH.) as shown in figure (2). Electromotive force (e. m. f) was supplied on both  
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sides of the solar cell, and then two digital electrometers were used to calculate the output 
voltage and the output current. Visible light was used as the input power Pin , the intensity of 
the light was determined by changing the position of the light (up or down) with asuitable 
step. 
 

 
Result and Discussion 
1. The properties of Cu2S/CdS solar cell 
       Sample of CdS thin film, which was prepared by using chemical spray technique, was 
tested by X–ray diffraction. The output results  of these measurements  shows that the film was 
CdS material with polycrystalline structure, as shown in fig. (3). 
Cu2S/CdS solar cell was classified as a"frontwall cell" when illuminated from the above (from 
the Cu2S side). The energy gap of CdS material is mostly higher than the energy gap of Cu2S 
material, for this reason, the responsivity of the Cu2S film for the incident photons is higher 
than the responsivity of CdS film, therefore Cu2S film has ahigh ability of the absorption for 
the photons of energy between 1.2–1.5 eV; where the value of the energy gap of Cu2S film is 
1–1.2 eV (14, 15). 
        Substrate choosing has an important effect in preparing solar cell where it affects the cell 
properties; the best substrate is that material which reduces  the contact resistance for both 
layers; p–type, and n–type (8). Experimentally; the type of CdS film was found as n –type, 
depending on the value of Hall Factor (RH.) which was calculated by using the equation(8): 

BI

tV
R H

H



  

RH was about –1.348 x 10–6 m3/C, this value was measured for the film of thickness t= 1.203 
μm (the film of this thickness has Hall electrode), (V /I)H = –0.282  Volt/Amp and B = 0.257  
Tesla. 
Where; I is the current flow through the film, VH is the generated voltage on both sides of the 
film, and B is the magnetic field. The density of the major carriers of the CdS film can be 
relatively calculated from the following relation (8, 16, 17) 

HRe

1
N


  

Where; (N) is the density of the majority carriers, (e) is the Charge of the electron. The 
experimental result of N value for CdS film of thickness t=1.203 μm was: 
N = 4.64x1018 cm–3. 
 
2. Study the I–V characteris tics of Cu2S/CdS solar cell 
         The I–V characteristics of the prepared p-Cu2S/n-CdS solar cell were s tudied at different 
light intensities, as shown in table (1). 
          At the illuminated cell; the short circuit current depends  on the intensity of the incident 
lights  as shown in figure (4a), and there is logarithmic relation between Voc and the incident 
light for the prepared Cu2S/CdS solar cell, as shown in figure (4-b). 
         One of the main reasons of low short circuit current is the absence of anti–reflection 
coating layer that can affect on the cell efficiency; other factors such as impurities could be 
important (18). 
        The electrical properties of four p-Cu2S/n-CdS solar cells were studied for different 
numbers of thickness (2.19, 2.52, 3.64, and 5.55) μm of CdS layer at 85.4 mW/cm2 light 
intens ities, as shown in table 2. The results  show that layer thickness of the solar cell has an 
effect on the cell efficiency, as shown in figure (5). 
3. Calculation the efficiency and Fill Factor of the Cu2S/CdS solar cell  
The conversion efficiency (η) of the solar cell was calculated by using the equation (8): 
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Where Fill factor (FF) is equal: 
IscVoc

VmIm
FF




  

 
         The maximum efficiency of Cu2S/CdS solar cell of area 6.25 cm2 under 85.4 mW/cm2 
light intensity was 2.8 % for 5.55 μm thickness of CdS layer. 
In athick film, there is an increase in the photocurrent at the illuminated cell, so the best 
efficiency was registered in cell with athick CdS layer. 
Fill Factor which is defined as the ratio of the maximum power to the (Isc×Voc) was equal to 
0.70, as shown in fig. (6). 
        In the illuminated cell there is the best absorption of the incident light occur in the solar 
cell of thick CdS layer. Improving the present setting of the used spray technique can be 
capable to produce ahigh thickness of CdS layer, which leads to an acceptable efficiency. 
Much more work is required on annealing and doping studies before high efficiencies would 
be observed (5, 19). 
 

Conclusions 
       The prepared Cu2S/CdS solar cell by us ing simple technique was good; it can operate in 
an acceptable efficiency. The CdS layer was eas ily fabricated by us ing achemical spray 
pyrolysis technique. The spray technique is utilized to produce awide area solar cell and it is 
required for such athick film. 
      The thickness of the polycrystalline CdS layer is an important parameter affecting the cell 
efficiency. 
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Table (1): Performance of Cu2S–CdS Solar cell at different light intensities of 5.55 μm 
thickness of CdS layer 

 
 

t (CdS) 
Thick. 
(μm) 

Intensity 
(mW/cm2) 

Isc 
 (mA) 

Voc 
(mVolt) 

 
 

5.55 
 
 

38.4 22 400 

56.5 31 420 

69.1 41 430 

85.4 47 450 

 
Table (2): Performance of four Cu2S–CdS Solar cells  of different thickness of CdS layer 

at 85.4 mW/cm2 light intensity 

t (CdS) 
Thick. 
(μm) 

Isc 
(mA) 

Voc 
(mVolt

) 

V max. 
(mVolt

) 

I 
max. 
(mA

) 

FF % 
Fill 

Factor 

η % 
Efficienc

y 

2.19 39 400 320 29 0.63 1.78 

2.52 38 420 330 31 0.64 1.90 

3.64 43 430 330 36 0.66 2.30 

5.55 47 450 340 44 0.70 2.80 
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         Fig. (1): The Setup arrangement of the spray system 

        
        Fig. (2): The electrical circuit to measure the Hall Factor 

1-The doted square is  CdS films, 2-The dashed lines represent the masks, 3- The 
Aluminum substrate 

    
      I/IO 

       2θ
       Fig. (3): Chart of X-Ray diffraction of CdS layer which was prepared by using 
chemical spray  
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           Fig.(4-a): The relation between Isc and the intensity of the incident light 
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        Fig. (4-b): The relation between Voc and the intensity of the incident light 
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        Fig. (5): The I-V plot of the prepared cells  of minimum and maximum thickens of 

the prepared CdS layer at the same intensity 
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       Fig. (6): The Efficiency and Fill Factor as a function of the thickness of CdS layer 
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