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IV. CONCLUSIONS 

Irradiation with a pulsed N2 laser beam employed during anodic oxidation of aluminum in a citric acid 
electrolyte was found to significantly affect optical properties of porous alumina oxide, providing no 
significant changes in its morphological parameters. The combination of anodizing and laser techniques 
enables it to modify functional properties of AOFA without introducing morphological defects. 
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I. INTRODUCTION  

Cu2ZnSnS4 (CZTS) is a promising earth abundant and non-toxic intrinsic p-type semiconducting material [1]. 
However, similar radii of Cu and Zn atoms facilitates formation of anti-site defects which degrade 
performance of CZTS solar cells [2]. Thus, there is need to find an alternative to Zn to reduce cation 
disordering. In the present work, we fully replace Zn atoms in CZTS by Ti and V atoms and study the effects 
of the substitution on the band structure and stability of the alternative kesterite material using density 
function theory (DFT) [3].  

II. METHODS AND RESULTS 

The calculations have been performed by Vienna Ab initio Simulation Package (VASP). It has been found 
that upon Zn substitution by Ti in CZTS its band gap (Eg) decreases and shifts from direct to indirect 
compared to that of pristine CZTS (Fig. 1a-b). On the other hand, there is no Eg upon Zn substitution by V 
(Fig. 1c). The calculated binding energies of CZTS (10.16 eV), Cu2TiSnS4 (11.23 eV) and Cu2VSnS4 (11.52 
eV) suggest high stability of the material after the Ti and V substitution.  

 

Figure 1. Band structure of (a) pristine CZTS, (b) Cu2TiSnS4, (c) Cu2VSnS4 

III. CONCLUSIONS  

In conclusion, Ti substitution enables to tune Eg and enhance thermodynamic stability of the material. 
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I. INTRODUCTION 

Anodic aluminum oxide films are widely used in various fields such as biomedical, nanophotonics, 
microelectromechanical systems and aerospace industry. In space, electronic equipment is exposed to 
various types of radiation including electrons, protons, neutrons and heavy ions. Devices with a high degree 
of integration can be sensitive to natural radiation even at the surface of the Earth. Radiation can affect 
electronic equipment, degrading performance and resulting in loss of data. Degradation of characteristics 
occurs due to the formation of electron-hole pairs in the gate and insulating dielectrics. Anodic aluminum 
oxide film shows good resistance to radiation because captures a significant number of electrons, which 
compensate for hole traps. In addition, Al2O3 has several levels of traps in the band gap, which facilitates 
easy tunneling of electrons from the dielectric to the substrate [1]. Exposure by medium energy hydrogen 
and helium ions can lead to delamination of the anodic alumina film. Oxide delamination is caused by 
residual stresses resulting from oxide growth and irregularities in the substrate [2].The effect of radiation 
exposure on thin-film structures depends not only on the chemical composition of the films, but also on 
mechanical stresses at the interfaces. In order to increase the radiation resistance of thin-film structures 
based on Al2O3, it is necessary to improve the technology of forming the interface between layers. 

II. EXPERIMENT 

The study of the effect of radiation on the dielectric properties of anodic aluminum oxide films was carried out 
using capacitor structure in which aluminum base was used as the lower plate and sprayed contact pad as 
the upper plate. Aluminum 1 mm thick was used as a material for the test structures. Anodizing was carried 
out in a solution based on oxalic acid with constant stirring of the electrolyte in a galvanostatic mode. The 
electrolyte temperature was maintained at 15˚C. The thickness of the obtained anodic oxide films of 
aluminum was 60 µm. 1 μm thick aluminum film was deposited on the surface of the anodic aluminum oxide. 
Electric capacitance of the samples was measured using an R, L, C meter at a frequency of 1 MHz. The 
temperature dependence of alumina substrates was studied in a helium cryostat in the range from 4 to 
300 K. After measuring the temperature dependence of the electrical capacitance of unirradiated samples, 
they were irradiated with α-particles with energy 5 MeV from source 
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Pu with dose 3,1
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Measurement was repeated after irradiation. Temperature dependence electrical capacity of samples before 
and after irradiation presented on figure 1. 


