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11. Summary of the new findings of the thesis 

+ The effects of some important parameters have been studied by simulation. The results point out the optimal 

values of 3000 nm for CIGS layer thickness and of 1.4 eV for band gap. The device based on these baselines 

exhibits the performances as following: the short current  Jsc = 30.19 mA/cm2; the open-circuit voltage Voc = 

0.67 V; fill factor  FF = 0.83 and conversion efficiency η = 17,6 %. 

+ Good quality transparent conducting Al-doped ZnO films were deposited on quartz substrates using pulsed 

electron deposition (PED). Two series of films were made, one deposited at room temperature but at four 

pressures, viz., 5, 10, 15 and 20 mTorr of oxygen and one deposited at 10 mTorr oxygen pressure but at the 

substrate temperature ranged from room temperature to 600 oC. For the first series films, the optimal oxygen 

pressure of 10 mTorr was found. For the second series films, the lowest resistivity of  3.4 x 10-2 Ω.cm was 

obtained in the film grown at 400 oC. 

+ Cu(InGa)Se2 films were grown by PED from a commercial Cu(In0.7Ga0.3)Se2 target. The properties of the films 

such as morphology, thickness, crystallinity, and absorption were found to depend strongly on the deposition 

conditions. The best film was obtained at the discharge voltage of 12 kV and at substrate temperature of 600 



oC. The obtained results are remarkable in demonstration of the ability of the PED to produce CIGS absorber 

layer for high performance photo-voltaic cells. 

+ To find the most suitable complexing agent for Ga deposition, CuGaSe2 (CGS) thin films were deposited on 

ITO substrates by electrodeposition from the solutions with different acidic agents. The concentration of Ga has 

reached to the value of about 16% at. at potential of -0.95 V from the solutions with hydrochloric and sulphamic 

acids. 

+ CuInGaSe (CIGS) thin films were deposited on Mo/soda-lime glass substrates by electrodeposition at different 

potentials ranging from -0.3 to -1.1 V vs. Ag/AgCl. The variation in composition with applied potentials was 

explained by CV data. A suitable potential range from -0.8 V to -1.0 V was found for obtaining films with desired 

and stable stoichiometry. By adjusting the composition of electrolyte, we achieved the desired Cu(In0.7Ga0.3)Se2 

stoichiometry. 

+ In order to examine the application potential of CIGS layer deposited by electrodeposition, the simple 

photovoltaic cells have been made and the conversion efficiency of 12.6% has been obtained for the best 

sample. 

12. Paratical applicability, if any: For application in renewable energy. 

13. Further research directions, if any: Based on the obtained results, we plan to synthesise the CIGS thin film 

solar cell with a complete configuration. 
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