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Abstract:Lead-free ferroelectric 0.7Ba(Zr0.2Ti0.8)O3-0.3(Ba0.7Ca0.3)TiO3 (BZT-BCT) ceramics have been prepared by 
sol-gel auto combustion technique. XRD pattern reveals the realization of single phase material. Rietveld refinement of 
the XRD patterns confirms the rhombohedral structure having space group R3m. FESEM micrograph shows a highly 
dense microstructure. The effect of electrical poling on ferroelectric properties and leakage current behavior discussed in 
detail. The variation of leakage current with the electric field is in consistent with the space charge conduction 
mechanism. 

INTRODUCTION 

Ferroelectric materials with perovskite structure have a wide range of applications in electronic devices, 
multilayer ceramic capacitors, infrared detector, actuators, transducers and tunable microwave devices [1]. 
Generally, lead-based ferroelectric systems are mainly used for various device applications due to theirsuperior 
dielectric and ferroelectric properties. However, due to the toxicity of lead-based materials and the environmental 
concern, tremendous efforts have been made to develop lead-free ferroelectric systems for such applications.  
Among the different lead-free ferroelectric materials such as BaTiO3, KNbO3, NaNbO3, Na0.5Bi0.5TiO3, 
K0.5Na0.5NbO3, BaTiO3is an important optionas it doesn’t contain any poisonous volatile element [2]. Substitution 
with appropriate dopants at A-site and/ or B-site can control the ferroelectric transition temperature (Tc) and 
electrical properties of BaTiO3 to the great extent[3]. The substitution of Ca increases the stability of the tetragonal 
phase and also helps in excluding the formation of the unwanted hexagonal phase of BaTiO3 (BT) [4]. However, an 
addition of Ca doesn't affect the Curie temperature of BT rather it lowers the polymorphic phase transition (PPT). 
On the otherhand, the addition of Zr at the Ti-site increases the chemical stability of the material [3]. Recently, a BT 
based solid solution, (1-x)BaZr0.2Ti0.8O3-x(Ba0.7Ca0.3)TiO3 (BZT-BCT), has attracted great attention due to its high 
piezoelectric properties as reported by Liu and Ren group [5]. In order to improve the dielectric, piezoelectric and 
ferroelectric properties of BT, many research work have been performed by varying the Ba/Ca and Zr/Ti ratio. In the 
present case, we are interested in studying the structural, ferroelectric and leakage current behavior of 
0.7Ba(Zr0.2Ti0.8)O3-0.3(Ba0.7Ca0.3)TiO3. Synthesis of BZT-BCT requires very high calcination temperature to get a 
phase pure material using a conventional solid-state reaction route. Due to high-temperature synthesis conditions, 
getting high quality materials is sometimes difficult. To improve the physical properties from application point of 
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The room temperature leakage current behavior as a function of applied electric field (E) is shown in Fig. 2(b). 
The leakage current is nearly symmetrical for both side of the applied field for both poled and unpoled sample.At 
lower field the leakage current increases sharply while its value is nearly constant above 10kV/cm. After poling the 
sample, the leakage current decreases. This indicates that the electrical poling reduces the oxygen vacancy by free 
charge carriers and the defects are trapped in grain and grain boundaries.To further investigate the current 
conduction mechanism, three mechanisms have been taken into account i. e.  Poole-Frenkel (PF),Schottky emission 
(SE), and space charge limited current conduction mechanism (SCLC) [7]. We have fitted the experimental data for 
the above three conduction mechanism, in which the best fit has been observed for the SCLC mechanism. To 
validate the SCLC mechanism, the experimental data were fitted by using eq. (1) as shown in Fig. 3(a) and (b) 

 

                                (1) 

 
 

Where E= electric field, εr= dielectric constant of the material, ε0= dielectric constant in free space, μp= mobility 
of the charge carriers and θ=ratio between the total induced free charge carriers to the trapped charge carriers. The 
experimental data must be in complete agreement with the straight line fits based on the differenttransport 
phenomena, and theoretically, the slope of the curve shows the optical dielectric constant of the materials.The slope 
of the curve for the unpoled sample is found to be around 1.5 while for poled sample its value is around 2.  These 
value of slope favors the SCLC mechanism and the current conduction mechanism is due to the discrete charge 
carriers. 

CONCLUSION 

The sol-gel auto combustion technique was successfully utilized for the preparation of ferroelectric 0.7BZT-
0.3BCT. Structural studies and Rietveld refinement confirmed the formation of single phase perovskite structure 
without any impurity phases. The microstructural studies demonstrates the inhomogeneous distribution of grain size 
with highly dense microstructure. The electrical poling reduces the leakage current, and improved the ferroelectric 
properties. 
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