
 

Method for deposition of thin films from ceramics with high dielectric permittivity on 

metal plates 

Mihaela Aleksandrovа1 , Lyuben Lakov1, Vladimir Blaskov1, Yordan Marinov2 
 

 

1Bulgarian Academy of Sciences, Institute of Metal Science, Equipment and Technologies with Hydro- and Aerodynamics Centre 

“Acad. A. Balevski”, 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: There has been growing interest in the use of the sol-gel approach to form high-quality dielectric materials. Their tailored 

properties allow for developing functional electronic devices in a scalable and rapid manner. According to physicochemical principles, the 

displacement and response behavior of charges under an applied external field can manifest in unique dielectric properties, providing useful 

information to improve the process, design, and quality of electronic devices. Therefore, a systematic and in-depth investigation of the 

fundamentals of sol-gel dielectrics is necessary. In this Research Update, we present recent advances in various sol-gel-processed dielectric 

materials and their applications to functional electronic devices. A brief introduction to sol-gel chemistry to form oxide dielectric films and 

the basis of physical mechanisms under  electrical  fields are discussed. Along with the dielectric properties, recent achievements of proof-

of-concept experiments and their various applications to functional electronic devices are introduced. It is expected that further innovations 

in solution-processed metal oxide dielectrics will achieve cost-effective high-performance functional electronics in the near future. 
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1. Introduction 

The present paper considers a method for applying thin layers, 

which is based on the use of sol-gel technology. It involves the 

production and application of a very wide range of oxide materials, 

which is determined by their diverse application. This technology 

has been successfully applied to obtain materials such as: 

supercapacitors, microelectronic elements, catalysts, catalyst 

carriers, photocatalysts, anti-corrosion materials, luminescent 

materials, etc. [1-8]. The conventional sol-gel method is based on 

the processes of condensation, hydrolysis and gelation 

(polimerization), combine with suitable thermal treatment. At 

present, it is considered that sol-gel technology is the most suitable 

and relatively inexpensive low temperature approach for 

synthesizing high quality oxide materials for microelectronics.The 

methoddoes not require the use of complex and expensive 

equipment as well as offers the possibilities for  large-scale 

industrial applications,while maintaining very good uniformity, 

homogeneityaccompanied by the preparation the desired structure.A 

characteristic advantage of this method is the effective control of 

physicochemical and technological parameters by influencing the 

mechanism ofabove mentioned reactions, as well as a significant 

reduction of environmentally harmful compounds. [9,10] 

The following physicochemical approach is usually applied in the 

production of thin films by sol-gel technology: synthesis of stable 

sol, deposition of the film by an appropriate method; heat treatment 

including repeated drying andannealing and finally obtaining the 

respective device according to its possible application.The correct 

and intelligent application of sol-gel technologyin order to obtain a 

material with desired physicochemical properties and structures 

requires careful control: the selection of a suitable precursor - 

inorganic, organic and organic –inorganic - solvent and complexing 

agent, skill fully selected time for homogenization and aging, 

appropriate  pH, subsequent temperature treatment (including 

drying and annealing) to remove organic residues and achieve the 

desired phase composition).The heat treatment is necessary in order 

to realize the necessary crystallization and compaction of the 

obtained material. Sol-gel technology is applied under strict control 

of the physicochemical and technological characteristics presented 

above. As advantages of the sol-gel technology in comparison with 

the classical solid-phase preparationdefinitely stand out: 

significantly lower synthesis temperature, the preparation of a 

homogeneous product with higher reactivity, avoidance of 

undesirable processes  

( that can occur at higher temperatures) such as obtaining unwanted 

intermediate phases, etc.Lower operating temperatures lead to the 

synthesis of compounds with fewer structural and surface defects, 

which is especially important for the production of good 

supercapacitors and microelectronic elements. 

Sol-gel technology proves to be very suitable for preparation 

ofgood dielectrics. Dielectrics are electrical insulators composed of 

non-conductive materials and sensitive to applied external electric 

fields. They have a wide range of useful physicochemical properties 

for obtaining functional electronic devices such as: thin-film 

transistors, energy storage devices, including supercapacitors; 

various types of memory, etc 

In recent years, the sol-gel approach in the production of 

supercapacitors has been particularly important. It proved to be very 

suitable for the synthesis of compounds with high dielectric 

permittivity, which is important for a good supercapacitor. 

Characteristic of this dielectric permittivity is both its high value at 

room temperatures, or close to them, as well as the presence of a 

specific diffusive curve. Specific for the supercapacitor is its 

ferroelectric behavior as well as the Curie temperature (Tc) with 

which the phase transition from ferroelectric to paraelectric state is 

related. 

For application of thin films 2 techniques are realized - dip coating 

and spin coating. Definitely better is dip coating, which allows 

deposition on larger samples, as well as obtaining industrial 

quantities of them. This method is used in the present work. 

In recent years, barium titanate (BaTiO3) has been distinguished as 

a ferroelectric with high dielectric constant. It is also a ceramic 

material with a perovskite structure. Of specialinterest is its 

preparationby sol-gel technology.Especially important for the 

synthesis of BaTiO3 with high dielectric constant is correctly and 

very precisely selected mode of heat treatment. It must include such 

drying and annealing temperatures as to ensure the complete 

removal of organic residues.Very high temperatures, which can lead 

to excessive particle aggregation, must be avoided.Insufficient heat 

treatment can cause the appearance of defective undecomposed and 

unnecessary non-stoichiometric compounds. Very good information 

about the mentionprocesses can be obtained by appropriate 

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS" WEB ISSN 1314-507X; PRINT ISSN 1313-0226

210 YEAR XVI, ISSUE 6 , P.P. 210-212 (2022)

mailto:mihaela.krasimirova@mail.bg


combination of thermal analysis with infrared spectroscopy. 

Various doped compounds of  BaTiO3 and systems such as BaTiO3 

- BaSnO3 with high values of dielectric constant at room 

temperature and close to it with characteristic diffusion form were 

obtained by sol-gel technology.Special attention is paid to the 

synthesis and physicochemical study of samarium titanate - in this 

case Ba0.95 Sm0.05TiO3. This compound is characterized by a high 

value of dielectric permittivity at room as well as athigher 

temperatures. 

The tricritical phenomenon was also successfully used as an 

effective approachin order to synthesize a powder sample with the 

composition BaTi0.89Sn0.11O3 [11]. 

Of particular interest is the preparation of materials with very high 

and colossal dielectric.permittivityby the sol-gel method as Nd 

doped BaTiO3; [12] La doped BaTiO3 [13, 14] etc. 

A combination of methods has been also used to prepare compound 

with high dielectric permittivity [12-15]. 

2. Experimental part 

In previous publications of the team the compositions of the zols of 

BaTiO3 modified with Sm are presented. Typically, the barium 

acetate is dissolved in distilled water and homogenized 

continuously with a magnetic stirrer at room temperature. The 

solution was stirred for 30 minutes. Titanium isopropoxides 

dissolved in absolute alcohol and diethanolamine (DEA) by 

controlling the rate of hydrolysis of titanium isopropoxide.Barium 

acetate solution was added dropwise to titanium sol with stirring 

over a period of 1 hour and the newly obtained translucent and light 

yellow sol was allowed to mature in a hermetically sealed flat 

bottom flask and stored in a refrigerator for 24 hours. 

Al2O3 and Nb substrates were cleaned with ethyl alcohol and 

acetone for 24 hours. In some cases, a previous treatmenis realized. 

A hand made dip-coater was used to deposit the thin films. Five  

depositions  were applied successively on each of the substrates. 

The dipping lasts 30 seconds.The withdrawal of the substrate from 

the solution was performed at a speed of 42.8 mm / min. After 

deposition each filmis  temperature treated in  dryer at 120°C. The 

thermal calcination of the samples is performed in a laboratory oven 

at 600°C for 2 hours. The samples were characterized by XRD, 

SEM and the relative dielectric permittivity 

 

3. Results and discussion 

X-ray analysis of the samples was performed using a Philips 

BruckerX-ray diffractometer with Cu-Kα radiation. For thinner 

samples below 200 nm, a special setting is used to allow the 

crystallographic phase of the sample to be read. A thinner layer 

takes longer to read. The radiograph shows clear peaks of Nb2O3 

and BaTiO3. The obtained radiograph shows that good adhesion is 

achieved between the carrier and the applied layer. 

 

Fig. 1 XRD of Nb substrate with deposited thin films of Sm modified 

BaTiO3. 

 

Figure 2 presents a CEM of BaTiO3 on Nb at higher magnification. 

The observed cracks in the layers are a result of more in tense 

temperaturers and cooling. 

 

 

Fig. 2 CEM of BaTiO3 on Nb support 

 

       

Fig. 3   CEM of BaTiO3 on Nb at higher magnification.  

 

The figure 3 observed cracks are the result of more intense 

temperature rise and cooling. 

 

Figure 4 represent the temperature dependence of the absolute 

dielectric permittivity for 1μm thick BaTiO3 layer. 
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Fig. 4 Temperature dependence of the absolute dielectric 

permittivity for ca. 4.9 μm thick BaTiO3layer. 
 

For dielectric permittivity measurements, a ceramic thin layer of 

monophase BaTiO3 was deposited on Niobium plate serving as 

conductive support. Electrical conducting silver paste was spread 

over the free ceramic surface in order toperform electrical capacitor 

with thickness ca. 4.9μm. The obtained capacitance was measured 

by means of bench type digital multimeter UT801 (UNI-TREND) at 

1 kHz. The electrical capacitance was investigated in the 

temperature range 25 -160ºC by keeping the samples in a 
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temperature controlled  hot stage (Mettler FP82) with accuracy ± 

0.1 ºC.The absolute dielectric permittivity was calculated according 

to the formula: 

                    ε=Cd/A ,                              (1) 

 

where C, d and A are, respectively, the capacitance, layer 

thickness, and surface area of the electrodes.  

 

 

4. Conclusion: 

A stable sol was obtained using titanium alkoxides, acetic acid, 

diethanolamine (DEA) and ordinary barium acetate. The 

synthesized sol was suitable for both BaTiO3 thin film and solid 

samples.In order to obtain a coating of suitable thickness, several 

dippingwere performed.By using XRD, SEM and date for the 

relative dielectric permittivity, it was determined that the obtained 

samples show very good physical chemistry properties.A very high 

value for the relative dielectric permittivity was determined, which 

is an indication that the obtained materials are applicable in 

electronics and microelectronics. 
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