
Advanced of The Deposition of  Thin Films BaTiO3 – BaSnO3 on Monolitic Layered Materials. 
 

 Mihaela Aleksandrova1, Bojidar Jivov1,  Lyuben Lakov1, Yordan Marinov2 

 
 

1Institute of Metal Science, Equipment and Technologies with Hydro- and Aerodynamics Centre ―Acad. A. Balevski‖, Bulgarian 

Academy of Sciences, Shipchenski Prohod Blvd. 67, 1574 Sofia, Bulgaria, e-mail: mihaela.krasimirova@mail.bg 
2Bulgarian Academy of Sciences, Institute of Solid State Physics ―G. Nadjakov‖, 72 Tzarigradsko Chaussee, Blvd., 1784 Sofia, 

BULGARIA 

 

 

Abstract: The aim of the present work is to study the characteristics and conditions of obtaining thin films in the BaTiO3–BaSnO3 system, 

deposited by the sol-gel method on monolithic multilayer samples. In laboratory conditions, the structure, phase composition, 

micromorphology, electrophysical parameters of the prepared experimental samples were studied. The existing possibilities for optimizing 

the applied technological regime for the synthesis and surface deposition of thin-layer coatings with set characteristics have been analyzed. 
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1. Introduction 

The application of various thin-layer coatings in the production 

of various products represents an effective technological approach 

[1-4], ensuring the expansion of the operational characteristics of 

the materials and the possibilities of their application. The main 

fields of application of the obtained products [5-23] are thermal 

engineering, energy, machine building, automotive, shipbuilding, 

aviation, construction, optics, electronics, medicine, etc. 

Fundamentally different technological methods with different 

productivity have been developed for the partial or complete 

deposition of thin layers [1-5,10,13,18,19,22,23,24-36]: 

electrochemical deposition, chemical vapor deposition (CVD), 

physical vapor deposition (PVD), thermal oxidation, thermal 

annealing, plasma spraying, atomic layer deposition, electron-beam 

evaporation, spray pyrolysis, pulsed laser deposition, pressing 

techniques, sputtering, sol-gel and others. Various 

[2,4,5,6,11,13,28,23-26,37-39] thin-film coatings (silicate, titanate, 

stannate, aluminate, nitride, zirconate) have been prepared in 

laboratory and industrial conditions by various deposition 

techniques , niobate, tantalate, oxide and a number of others). The 

structure of samples obtained in the thin film/substrate systems and 

complex multilayer «stack» structures formed with the participation 

of nanocomposite, hybrid, polymer, metallic, amorphous, 

crystalline and other materials was studied [2,3,4, 

10,14,17,18,29,40-42]. 

The use of some of the existing coating deposition methods 

requires the availability of expensive high-tech equipment and a 

specific production environment, which is why in many cases their 

application is inexpedient and unprofitable. At the same time, the 

sol-gel technology [7-9,19,26,29-32,34-36] represents a promising 

and ecological approach for the synthesis of monophasic and 

polyphasic materials and the deposition of coatings with a diverse 

structure and suitable functional parameters. Due to its productivity 

and energy efficiency, the method provides a number of significant 

advantages: use of accessible precursors, standard instrumentation, 

effective control of the reaction environment and the stages of the 

technological process, use of heat treatment at relatively low 

temperature values compared to traditional high-temperature 

methods, obtaining materials with planned performance indicators, 

etc. On the other hand, the development [19,36] of sol-gel 

technology continues through the use of alternative raw materials, 

non-conventional complexing agents and catalysts, the application 

of new original laboratory methods for obtaining the reaction 

products and the use of experimental modes of thermal treatment 

for the synthesis of the intended phases. 

For the purposes of electronics, the characteristics of thin films 

obtained by the sol-gel method formed from different phases were 

studied: PbTiO3, BaTiO3, PbZrO3, LiNbO3, NbO3, LiTaO3, as well 

as PMN, PMNT, PZN, PZNT, SBN, PBN, PZT, PLZT and others 

[1,3,37]. The theoretical analysis and interpretation of the obtained 

experimental data was carried out on the basis of classical theories 

[1,3] or original modern hypotheses. 

The main factor for the intensive development of modern 

electronics is the development of a wide assortment of electronic 

components (transistors, diodes, capacitors, integrated circuits and 

others) and the production of complete and competitive products 

based on them. In a number of products, a specific structural 

element [3,4,11-13,19,23] is represented by various thin-layer 

coatings with conductor, semiconductor or dielectric characteristics. 

The development of innovative materials for electronics and 

fundamentally new concepts for the creation of electronic 

components represent [11-13,19,23,41,43-45] potential 

opportunities for application of the obtained experimental data from 

the performed research activity. This enables next-generation 

electronic devices with an extended functional range to operate 

under increasing operational loads. 

At the same time, due to the ban introduced in a number of 

regions on the use of materials containing lead, due to its proven 

toxic effect, there is an additional need to develop alternative 

products to replace the classic materials (with the presence of Pb) 

that became widely used in the 20th century. 

 

2. Experimental part 

In laboratory conditions, a sol-gel synthesis was carried out to 

obtain a stable BaTiO3–BaSnO3 sol. The key to the sol-gel method 

was to prepare separate solutions of BaTiO3 and BaSnO3. First, 

Ti(C4H9O)4 was dissolved in citric acid solution at pH 5–6, where 

the molar ratio of citric acid to Ti4+ ions was 2:1. A clear yellow 

organic solution (called sol I) was obtained after a water bath at 

80◦C for 3 h. Then, Ba(CH3COO)2 and stannous acetate were dosed 

stoichiometrically according to the nominal compositions and 

dissolved in acetic acid, respectively. Third, the solutions were 

mixed, followed by the addition of citric acid. Ammonia solution 

was then added to adjust the pH value of the mixed suspension to 

5.5. The mixed suspension was washed with water to obtain a clear 

aqueous solution (called sol II). Finally, the sols were mixed to 

obtain a stable homogeneous sol. After obtaining a stable sol, the 

pretreated metal samples were dried in a desiccator, and 8 thin films 

were subsequently deposited on them by the dip method. Dip-

coating (hand made) equipment was used for this purpose. The 

obtained samples are tempered in a laboratory furnace at 450°C 

with a delay of 20 minutes. 
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3.Results and discussion 

X-ray phase analysis was performed with an apparatus (XRD, 

Bruker D8 Advanced) and scanning electron microscopy (SEM, 

HITACHI S-4800). An XRD  represents an overlay of the 

individual radiographs characteristic of the finished part. 

 

 

Fig. 1 X-ray pattern of the deposited BaTiO3–BaSnO3 layers and 

substrate 

The peaks of the substrate and the deposited layers of BaTiO3 

and BaSnO3 are presented. 

Thickness measurement with a profilometer occupies one of the 

first places among thickness measurement methods, both due to the 

simplicity of its implementation and due to the accuracy and 

reproducibility of the results. This method is particularly suitable 

for the measurement of thin-film elements, since the requirements 

for the properties of the measured objects are reduced to a 

minimum. When measuring the thickness of a thin layer applied to a 

substrate, it is necessary to form a step in advance, so that the 

thickness is determined as the difference in the records when the 

needle moves on the surface of the substrate and on the surface of 

the thin layer. A step can be formed either by masking a portion of 

the substrate during deposition or by removing a portion of the layer 

through lithography. Suitable off-the-shelf microstructures can also 

be used.  

In order to obtain dielectric permittivity (ε) the layer 

capacitance C was measured by bench type digital multimeter 

UT801 (UNI-TREND). Permittivity measurements as a function of 

temperature were carried out by keeping the sample in a 

temperature controlled hot stage (Mettler FP82) with accuracy ± 

0.1ºC. The dielectric permittivity was calculated according to the 

relation 

                       ε= Cd /A ,                                        (1) 

 

where C, d and A are, respectively, the capacitance, film thickness, 

and electrode area of the sample surface. 

The temperature dependence of the dielectric permittivity 

ε was investigated by measuring capacitance of the BaTiO3 + 

BaSnO3 thin ceramic layer (thickness 4μm) sandwiched between the 

conductive substrate and cupper plate with dimensions 

1.4mm/1.4mm. The stack was tighten by clips for better electrical 

contact.  Under the experimental conditions within temperature 

interval from 20ºC to 160ºC, the ε shows constant value of 7.2 

pF/m. Such a value results in a total capacitance for the whole 

dielectric layer area of 6 cm2 equal to 21.6 pF/m. 

 

4. Conclusions 

Sol solutions of BaTiO3 and BaSnO3 were synthesized. 

Subsequently, the two solutions were combined into one common 

sol. From the thus obtained solution, thin layers were deposited on a 

multilayer substrate. After annealing at 450oC, the results were 

characterized by X-ray phase analysis, the thicknesses of the layers 

were determined and the relative dielectric permittivity of the 

material was calculated. From the research conducted in this way, it 

was concluded that the obtained sample has a suitable application 

for a capacitor. 
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