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Abstract

Energy consumption for human society has been accelerated and the large
exhaustion of traditional fossil fuels has led to the deterioration of the environment,
forming severe climatic such as fog haze, which seriously influences human health
and survival. It is becoming a global common goal to find the sustainable renewable
and clean energy. As a kind of sustainable and clean energy, solar energy is well
received by scientists. Photovoltaic is widely used around the world as a
pollution-free and new energy.

As a developing country, Chinese photovoltaic industry is developing at an
unprecedented speed, which has a great contribution to the world's new energy
industry. Because of the dual anti-dumping and anti-bribery policy for developed
countries and weak driving force on domestic market for China, at present the
crystalline silicon photovoltaic industry encounters winter season in China, but there
is no effect on thin film solar cells. As one of the highest efficiency thin-film solar
cells, Copper indium gallium selenium (CIGS) thin-film cells are also researched by
researchers around the world, and at the same time because of the advantages of the
CIGS thin film cells, such as the high stability and the flexible cells preparation , its
commercial value is higher than other cells. In the future CIGS cells industry may get
a rapid development and will occupy a part of the market.

CIGS thin-film cells which depend on the high efficiency and low fabrication
cost are widely used. Currently, preparation methods of CIGS solar cells are mainly
including thermal evaporation. selenization after sputtering and the non-vacuum
printing, etc. Because of high cost for thermal evaporation and sputtering technology,
the main way for low cost is to adopt non-vacuum preparation method of CIGS thin
film cells, and the primary way to realize the goal of low cost and high efficiency is to
optimize preparation process. We use numerical simulation methods and process
optimization to improve the efficiency and reduce the cost in this paper.

In this paper there are three aspects for research work: first, use WxAMPS
software to do numerical simulation research. Second, explore the non-vacuum
preparation methods of CIGS thin-film material. Third, study on the characteristics of
Na-doped Mo thin film electrode and the impacts of CIGS thin-film cells performance.



The main conclusions are as follows:

1. With wxAMPS simulation software, performances of CIGS thin-film cells, such
as open circuit voltage (Moc), short circuit current (Isc), fill factor (FF) and efficiency
(Eff), are effected by the conditions of various influence factors including the
thicknesses of each thin-film layer, carrier concentration, defect concentration,
temperature and forbidden band width of the different combinations, etc. In theory,
optimization conditions for the highest efficiency CIGS cells are 3um CIGS thickness,
30 nm CdS thickness and 100 nm ZnO thickness. It provides theoretical basis for the
preparation of high efficiency thin film solar cells. At the same time, it proposes the
theoretical study of ultra-thin CIGS thin film preparation, and the high efficiency of
ultra-thin cells has been got.

2. Use non-vacuum coating method to prepare CIGS thin film material. Choose the
best proportion by optimizing the ratio of various inorganic salt. Employing different
air oxidation annealing conditions, different sulfide annealing temperature conditions
and different selenide annealing temperature conditions, the optimization conditions
for best CIGS thin film preparation are as follows, 400°C air annealing, 500°C
sulfide annealing, 500 °C selenide annealing. Using sulfide and selenide after
hydrogenation, P-type CulnGaSe; thin films have the full structure. As CIGS solar
cell absorber layer, the mobility and the hole concentration which meet the
requirements, are respectively about 23.17 cm?/V+s and 4.5 X 10°cm®,

3. Employ hydrogenation reduction, metal oxides which is prepared though air
heating oxidation is restored to become metal alloy. Hydrogenated temperature is
400 °C, and hydrogenated time is 30 min. Metal alloy after hydrogenation is
becoming CIGS thin film with selenium, and quality of thin film is improved greatly.
Exploring low temperature plasma hydrogenation, the results have shown that the
quality of thin film can be greatly improved by plasma hydrogenation.

4. The optimization of Na-Doped Mo thin film electrode was researched. Pure
MoNa thin film electrode is seriously oxidized, and the resistivity is high. Use the
combination of multilayer Mo/MoNa/Mo film, the corresponding resistivity of 100
nm MoNa thin film electrode is only 4.62X10™ Q+cm. The CIGS thin films which
prepared on MoNa thin film of different thicknesses were studied. The quality of
CIGS thin film can be improved under a certain thickness MoNa thin film.

5. CdS buffer layer, ZnO window layer and ZnO: Al conductive film layer were

v



prepared, and it indicates that all the above layers have good optical properties. CIGS
thin film cells prepared on different thickness MoNa thin film electrode were studied,
and the results show that CIGS thin film prepared upon the 100 nm thickness MoNa

film has the highest efficiency and the average efficiency reaches 6.85%.

Keywords : CIGS thin film cell; numerical simulation; non-vacuum; MoNa thin

film electrode; electrical performance
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