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Since the discovery of ferroelectricity (which could be described as
electrically switchable spontaneous polarization [1]) in the first half of the
20th century, ferroelectric materials were extensively studied due to their
potential application in the areas of pyroelectric detection and imaging,
optical memory, electro-optic modulators [2] and large piezoelectricity.
Nowadays BaTiO3 (barium titanate - the first inorganic piezoelectric
transducer ceramic ever developed) is still widely researched. Very often
properties of ceramic material can be improved when substituted with
another chemical elements in the lattice [1]. Barium titanate is rarely
studied in an original chemical form. In this work the dielectric and
ferroelectric properties of tin substituted barium titanate (BaTi1-xSnxO3)
will be presented.

The main goal of this research was to determine the change of dielectric
permittivity by altering the concentration of tin, which varied from x = 0.15
to x = 0.30. The research was carried out in the temperature range of 10 –
500 K and 10 Hz – 1 THz frequency region. The majority of experiments
focused on dielectric spectroscopy – six different methods were used to
determine complex dielectric permittivity in different frequency ranges.
Additionally, piezoelectric and ferroelectric properties were researched
with the use of a commercial AixaCCT TF2000 analyzer.

Figure 4.  Electric field dependence of strain and polarization at temperatures of (a) 200 K
and (b) 295 K.

[1] G. H. Haertling, Ferroelectric Ceramics: History and Technology, J. Am.
Ceram. Soc., 82 [4] 797–818 (1999).
[2] M. E. Lines, A. M. Glass, Principles and Applications of Ferroelectrics
and Related Materials (Clarendon Press, 1977).

• All samples show broad dielectric anomalies that are characteristic of
relaxor behaviour.

• At the temperature of 200 K BaTi0.85Sn0.15O3 and BaTi0.80Sn0.20O3 show
ferroelectric-like hysteresis loops. It might indicate that the
ferroelectricity in these compositions occurs gradually when the sample
is cooloed; High concentration samples pertain relaxor-like loops even at
lowest temperatures.
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Figure 1.  Temperature dependencies of complex dielectric permittivity for BaTi1-xSnxO3, when
(a)  x = 0.25, (b) x = 0.3.
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Figure 3.  Comparison of temperature dependencies of the real part of complex dielectric 
permittivity for BaTi1-xSnxO3,

Figure 2 . Frequency dependencies of complex dielectric permittivity for BaTi1-xSnxO3, when
(a)  x = 0.25, (b) x = 0.3.

As mentioned before, piezoelectric and ferroelectric properties were also
analyzed. Fig. 4 compares hysteresis loops of barium titanate samples with
different concentrations of tin at the temperature of 200 K and 295 K. The
electric field dependence of strain and polarization shown in the figure
suggest that BaTi0.85Sn0.15O3 and BaTi0.80Sn0.20O3 have ferroelectric
properties, which barium titanate with tin concentrations of 25 and 30
percent lack of. These ferroelectric properties are more visible at the
temperature of 200 K, rather than at room temperature of 295 K.

Figures 1 and 2 depict temperature and frequency dependencies of barium
titanate with tin concentrations of 25 and 30 percent. A broad dielectric
anomalies are observed in both samples that resembles the behaviour of
cannonical relaxors. No sharp changes were observed indicating the
absence of structural phase transitions.
Figure 3 compares the temperature dependencies of the real part of
complex dielectric permittivity in all four researched variations of BaTi1-

xSnxO3 and shows that the dielectric anomaly shifts towards higher
temperatures when tin concentration is decreased.
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