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SYNTHESIS AND PROPERTIES OF DOPED BARIUM TITANATE 
WITH HIGH DIELECTRIC PERMITTIVITY 

  
Reshytko B.A., V'yunov O. I. 

V.I. Vernadsky Institute of General and Inorganic Chemistry NAS of Ukraone 
 Solid state chemistry department 

artasil@ukr.net 
  

Materials exhibiting a high dielectric permittivity (HDP) ɛ' > 103 have recently 
gained considerable attention. HDP behavior is of technical importance for 
applications and devices such as random access memories based on capacitive 
elements and low loss capacitors [1]. HDP of ferroelectric materials can be generated 
by ferroelectric polarization, charge density waves, hopping mechanism of 
conduction, occurrence of metal-dielectric transition, as well as internal interface at 
the grain boundaries. Most of these mechanisms are peculiar to ceramic samples of 
doped BaTiO3 [2]. 

The purpose of this study work is to investigate the electrical-physical 
properties of ceramic samples of BaTiO3-based semiconductor ferroelectrics in a 
wide frequency range and to find out the mechanisms of polarization that contribute 
to the value of HDP. 

According to obtained data, HDP properties are inherent in doped barium 
titanate ceramics and can be explained by the presence of interfaces at the boundaries 
of grains, ferroelectric polarization and metal-dielectric transitions (Fig. 1). 

  

 
  

Fig. 1. Equivalent circuits and schematic representation of the microstructure of 
dielectric (a) and semiconductor (b) ceramics. Cel, Rel, Rgr, Cgr, Rgb, CPE are the 
resistance and the capacity of the electrodes, the volume and grain boundaries, 

respectively. Elements of the circuit that simulate the wires are omitted for clarity. 
  
On samples Al (ohmic) and Ag (blocking) electrodes were applied. Fig. 2 

shows that for dielectric barium titanate, the main contribution to dielectric 
permittivity is ferroelectric polarization (Area I). In the case of semiconductor barium 
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titanate with aluminum electrodes, the contribution of ferroelectric polarization is, in 
the order of magnitude, close to the values in the dielectric material (Fig. 2a, Area I). 
The hopping mechanism of conduction and interfaces at the grain boundaries make a 
significant contribution to the dielectric permittivity (Area II). Contribution of the 
interface metal-semiconductor for semiconductor barium titanate with silver 
electrodes (Area III) provides a constant ε value in a wide frequency range (curve 2). 
Fig. 2 and calculations using equivalent circuit show that the magnitude of the 
contribution to the dielectric permittivity is as follows: interface at the grain 
boundaries, hopping conductivity, electrode interface (blocking Ag electrode), and 
ferroelectric polarization. 

  

 
  

Fig. 2. Dielectric permittivity (ε') of semiconductor (1, 2) and dielectric (1', 2') 
samples with Al (ohmic) (1, 1') and Ag (blocking) (2, 2') electrodes. 

  
The samples of dielectric and semiconductor barium titanate have been 

synthesized and their electrical and physical properties have been studied. The HDC 
value of semiconductor barium titanate ceramic significantly higher compared to 
dielectric samples due to the formation of additional polarization at the grain 
boundaries and metal-dielectric transitions in the case of silver blocking electrodes. 

  
The work was carried out with the financial support from the research program 

of the Ukrainian National Academy of Sciences "New functional substances and 
materials for chemical production" (Fine Chemicals). 
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