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Technological regulation for creating a ceramic target from BaTiO; gel powders
doped with Sn. Temperature dependence of the dielectric permittivity.
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Summary: The research is aimed at creating a target from Sn doped barium-titanate ceramics. A technological regulation for the
preparation of test bodies from a material synthesized by a low-temperature sol-gel method has been developed. The physicochemical
parameters of the samples were determined and the temperature dependence of the dielectric permittivity was monitored. Physicochemical
characterization of the samples was performed by X-Ray diffraction (XRD). and scanning electron microscopy (SEM). The preparation of
pure BaTiOj3 cubic phase was established. The dielectric permittivity of Sn doped barium-titanate possesses a maximum value of 45000 at a

Curie temperature- Tc 40°C.
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1. Introduction
Modern consumer electronics are being miniaturized quickly. In
recent decades, the progress of microelectronics has been
remarkable, as a result - all components of the electronic device are
miniaturized. For the most of them this creates a problem, but for
capacitors whose capacity value depends directly on the size, it is a
major problem. [1-3]
In order to overcome this problem, manufacturers have realized two
approaches: 1) introduction of dielectric materials with high relative
dielectric permittivity to increase the capacity, 2) creation of a new
capacitor architecture, which will not only reduce the technological
parameters, but will also increase the overall capacity of the
device.[2-4]
The typical capacitor consists of two conductive plates and a non-
conductive dielectric material. The dielectric material separates the
two conductive metal electrode plates. The application of voltage to
the electrode plates of the capacitor generates an electric field in the
non-conductive dielectric material that which stores energy. The
dielectric permittivity, also known as relative dielectric permittivity,
is a measure of a material's ability to store electricity and is one of
the main properties of dielectric material.[5,6]

1.1 Effects of the dielectric permittivity on the characteristics of a
capacitor

The capacitor stores energy when an electrical voltage is applied.
The amount of electrical energy stored by the capacitor depends on
the dielectric material and is influenced by the polarization
generated with applied voltage. Materials with high dielectric
permittivity can store more energy than those with low dielectric
permittivity. The electrical susceptibility of a material is a measure
of the polarizability origin from as a result of applied electric field.
Good dielectric materials have a high electrical susceptibility. [7-
10]

The dielectric permittivity is one of the main parameters that must
be taken into account in the case of choosing a dielectric material
for a capacitor. This permittivity is measured in farads per meter
and determines the magnitude of the capacitance that the capacitor
can achieve. Dielectric materials with high dielectric permittivity
are applied when high capacitance values are required, although, as
mentioned above, other parameters that determine the capacitance

of the capacitor include the distance between the electrodes and the
effective area of the plate.[1-6]

The dielectric permittivity of a dielectric material in relation to
relative that of a vacuum is noted the relative dielectric permittivity
and is usually denoted by €,. The following equation connects the
absolute dielectric permittivity (), the relative dielectric
permittivity (¢;) and the dielectric permittivity of a material (¢).

€ = €€
1.2 Dielectric constants of ordinary dielectric materials

()
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All materials are able to store electricity as a result of the effects of
the electric field. Storage capacity varies from one material to
another. The dielectric permittivity of materials is usually given
with respect assigned to the dielectric constant in vacuum, denoted
by €.
€ = €€

Vacuum dielectric constant is known as absolute dielectric
constant and refers to the amount of resistance required to generate
an electric field in a vacuum. The absolute dielectric constant in
vacuum is approximately 8.85418782 x 10> m® kg™ s* A,
The dielectric constant of a dielectric material relative to that of a
vacuum is called the relative dielectric constant or dielectric
constant and is usually denoted by er. The following equation
connects the absolute dielectric constant (€o), the relative dielectric
constant (¢;) and the dielectric constant of a material (€).

€ = €€,

The table below shows the dielectric relative permittivity of
commonly used dielectric materials.[7-9]
It can be seen that relative dielectric permittivity of Sr doped
barium titanate ceramics is significantly higher than the other
materials.
Changes in temperature influence significantly on the dielectric
permittivity of a given material. For example, an increase in
temperature induces sharply decrease in dielectric permittivity at a
freezing temperature.

Table 1 The dielectric relative permittivity of commonly used
dielectric materials

Material Dielectric relative permittivity
Air 1.0006
Aluminum Oxide 8.5
Barium Strontium Titanate 500
Ceramic porcelain 45-6.7
Glass 3.7-10
Mica 56-8
Paper 3.85
Polyester PET 3.3
Polypropylene 2.25
Tantalum oxide 27.7

Nowadays, the miniaturization of the electrical circuit is a subject of
intensive studies. Smaller components are required for the
production of miniature circuits. Materials with high dielectric
permittivity are used in case of smaller capacitors.
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2. Experimental part and discussion
The main developments in the present work include the synthesis of
barium titanate phases and the preparation of test specimens in
order to determine the dielectric permittivity of the material.
The Sn doped BaTiO; phase was synthesized by low-temperature
sol-gel method. The modes of monophases preparation were
presented in previous publications. The test samples were obtained
according to a certain technological regulation in the following
sequence:
Stabilized sols and gels with desired properties are obtained by sol-
gel technology. The mixtures for pressing of the necessary samples
are prepared using 10% polyvinyl alcohol. The pressing is carried
out in metal molding equipment. The samples are placed in a
ceramic vessel with a-Al,O3 backfill and thermally treated to
1000°C for 3 hours in order to burn the plasticizer and biscuit the
product.
The final sintering is realized at 1250°C in order to achieve the
necessary strength. After cooling, additional machining follows
until the test samples are obtained. (Fig. 1)

Fig.1. The sample of a ceramic target from doped with Sn
BaTiO; gel powders.
Some physicochemical parameters of the test samples are
presented in the following tables. Table 2 presents data concerning
test specimens of Sn doped BaTiOj3 before sintering at 1250°C.

Table 2. Presents data concerning test specimens of Sn doped

BaTiO; before sintering at 1250°C.
Diameter [mm] Thickness [mm] Mass [mg]
17,91 2,38 2856
17,63 2,35 2856
17,65 2,28 2856
17,71 2,36 2856
Average 17,725 Average 2,3425

One of the samples shows the best results after annealing and its

physical parameters are measured - Table 3.

Table 3. The best results after annealing and its physical

arameters
Diameter [mm] Thickness [mm] Mass [mg]
18,81 2,21 3183
18,98 2,25 3183
18,92 2,27 3183
18,90 2,30 3183
Average 18,91 Average 2,26

The density of the test specimens (p = 5.02 mg / mm°) is
characteristic for the cubic and tetragonal phase of pure BaTiOs;,

obtained by solid phase synthesis. [9-10]

Table 4. Thermal treatment of the test samples of Sn doped BaTiO;
ceramics test samples

The next step in the study is to determine the dielectric

permittivity of the sample
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Fig.2 Determination of the relative dielectric permittivity of Sn
doped BaTiOs.

In Fig. 2 shows the dependence of the relative dielectric
permittivity of Sn doped BaTiO5 on the temperature at which the
measurement is performed. The resulting curve is typical of
ferromagnetic material. The high value of relative permittivity
45000 is impressive. The Curie temperature (Kc) at which the
transition from para electric to ferroelectric (40°C) takes place is
significantly lower than in comparison to the untreated BaTiO;
(120°C).

Fig.3 SEM of Sn doped BaTiOj3; phases of ceramic target
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Ba 5616346 33.23 39.23 25.56 136 293
Ti 22 89042159 24.02 2974 0.68 314
0 8 95510.19 1134 4201 236 2.9
Sn 50 1966 4.36 4L 270 0.22 446
Sum 89.83 100.00 100.00

The very good coincidence of the weight (mass percentages of
Sn) determined by EDS (5.41) and the calculated ones (5.419) is
impressive.

3. Conclusion

Sn doped barium titanate ceramics, with a very high value of
dielectric constant and Curie temperature (Kc) close to room
temperature was synthesized by sol-gel method. The ceramics thus
obtained is promising for use as a supercapacitor in miniature
electronic devices, and could also be used in electric vehicles. Sn
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doped titanium ceramics possesses many times higher dielectric
constant than non-doped BaTiO; at a significantly lower Curie
temperature.

Acknowledgements

The authors are grateful to the financial support of Bulgarian
National Science Fund at the Ministry of Education and Science,
Contract No KII-06-H 37/26 18.12.2019.

All equipment and experimental units used in this work was
funded by the European Regional Development Fund within the OP
“Science and Education for Smart Growth 2014 - 2020, project
CoE “National center of mechatronics and clean technologies®, Ne
BG05M20P001-1.001-0008-C08.

References

[1] E. K. Akdogan, M. R. Leonard and A. Safari, "Size Effects
in Ferroelectric Ceramics,"

[2] K. Demarest, Engineering Electromagnetics. Prentice Hall,
1997,

[3] Anonymous "Agilent 4248A precision LCR meter operation
manual," Agilent Technologies, Japan, 2001.

[4. D. F. K. Hennings, B. Schreinemacher & H.
Schreinemacher, High-Permittivity Dielectric Ceramics with High
endurance”, Journal of the European Ceramic Society, 13 (1994)
81-88.

[5]. C H Ahn ! K M Rabe, J-M Triscone, Ferroelectricity at the
nanoscale: local polarization in oxide thin films and
heterostructures”, 2004, Jan 23; 303 (5657): 488-91. doi:
10.1126/science.1092508.

[6]. McNeal MP, Jang S-J, Newnham RE. “The effect of grain
and particle size on the microwave properties of barium titanate
(BaTiO3)”. J Appl Phys 1998, 83: 3288.

[7] Shi, T., Xie, L., Gu, L. et al. Why Sn doping significantly
enhances the dielectric properties of Ba (Ti.,Sn,)Os. Sci
Rep 5, 8606 (2015). https://doi.org/10.1038/srep08606

[8]. S. Upadhyay, V. Reddy, P. Bag, R. Rawat, S. M. Gupta,
and A. Gupta Electro-caloric effect in lead free Sn doped
BaTiO; ceramics at room temperature and low applied fields Appl.
Phys. Lett. 105, 112907 (2014); https://doi.org/10.1063/1.4896044 .

[9]. S. Gattu', K. Dasari®, V. Kocharlakota, “Structural and
Dielectric Properties of Sn Doped Barium Magnesuim Zirconium
Titanate Perovskite Ceramics >, World Journal of Condensed
Matter Physics , Vol.5 No.4, November 2015
DOI: 10.4236/wjcmp.2015.54035.

[10]. Wei Xiaoyong,a) Feng Yujun, and Yao X, “Dielectric
relaxation behavior in barium stannate titanate ferroelectric
ceramics with diffused phase transition”, APPLIED PHYSICS
LETTERS VOLUME 83, NUMBER 10 8 SEPTEMBER 2003,
DOI: 10.1063/1.1609037

157

YEAR XV, ISSUE 4, P.P. 155-157 (2021)


https://pubmed.ncbi.nlm.nih.gov/?term=Ahn+CH&cauthor_id=14739450
https://pubmed.ncbi.nlm.nih.gov/14739450/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Rabe+KM&cauthor_id=14739450
https://pubmed.ncbi.nlm.nih.gov/?term=Triscone+JM&cauthor_id=14739450
https://doi.org/10.1038/srep08606
https://aip.scitation.org/author/Upadhyay%2C+Sanjay+Kumar
https://aip.scitation.org/author/Reddy%2C+V+Raghavendra
https://aip.scitation.org/author/Bag%2C+Pallab
https://aip.scitation.org/author/Rawat%2C+R
https://aip.scitation.org/author/Gupta%2C+S+M
https://aip.scitation.org/author/Gupta%2C+Ajay
https://doi.org/10.1063/1.4896044
https://www.scirp.org/journal/articles.aspx?searchcode=Sankararao++Gattu&searchfield=authors&page=1
https://www.scirp.org/journal/articles.aspx?searchcode=Kamala+Sujani++Dasari&searchfield=authors&page=1
https://www.scirp.org/journal/articles.aspx?searchcode=Venkata+Ramesh++Kocharlakota&searchfield=authors&page=1
https://www.scirp.org/journal/journalarticles.aspx?journalid=502
https://www.scirp.org/journal/journalarticles.aspx?journalid=502
https://www.scirp.org/journal/home.aspx?issueid=7059#61594
http://dx.doi.org/10.4236/wjcmp.2015.54035



