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The iron oxide can serve as the convenient precursor for iron disulfide (FeS2) also known as 

pyrite (β-FeS2) and marcasite (α-FeS2) which is now becoming extremely popular for study. 

The band gap energy of FeS2 is ~1.0 eV is close to the ideal band gap range of 1.1-1.5 eV for 

a single-junction photovoltaic device [1]. Iron sulfide is nontoxic, abundant and can be used 

in photovoltaic cells to enhance the photo-response of the front transparent electrode, or as an 

efficient low-cost counter electrode material potentially able to replace precious platinum [2], 

[3]. Unfortunately the traditional pyrite synthetic process could lead to intermediate phases 

during formation of the pyrite, such as FeS or Fe1−xSx. These conductive metallic phases hurt 

the quality of the resultant material by destroying the semi conductive properties of FeS2. 

However, FeS phase is not formed if the sulphur is added to oxides Fe3O4 or Fe2O3. The 

substitution of the oxygen by the sulphur can be relatively easily performed in the furnace 

with sulphur vapors at the temperature above 350 ºC. 

We utilize the hollow cathode plasma jet to prepare 

iron oxide films. The discharge is powered by the 

constant current source in the continuous mode and 

by the constant voltage source in the pulsed mode. 

We compare the plasma parameters in both modes. 

The thin films created in the continuous mode show 

different properties in the central part corresponding 

to the hollow cathode axis and the off-center part while the dc pulsed mode creates the 

homogeneous films. Raman spectroscopy Fig.1 clearly showed a strong correlation between 

the color of the iron oxide film and its phase composition. A relatively clean pyrite phase was 

obtained from the magnetite while the marcasite with admixture of the pyrite phase was 

obtained from the hematite. SEM images demonstrated low influence of sulfidation on the 

films’ microstructure. The sulfidation extended the light absorption to up to 800 nm.  
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Fig.1. Raman spectra of films before and 

after sulfidation. 
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