
Bulgarian Journal of Physics 24 Nos 1 /2 ( 1997) 60-62 

DIELECTRIC POLARIZATION AND IMPURITY 
LEVELS IN UNDO PED AND DOPED Bi4 Ti30 12 

S. P. YORDANOV 
Technical University, Sofia, Department of the University - Plovdiv 
61 Sankt Peterburg Street, 4000 Plovdiv 

P. I. STOYANOVA 
Technical University, Gabrovo 

Received 29 February 1996 

Abstract. The effects of dielectric polarization in undoped and doped ceramics 
have been studied. The relaxation time has been determined and it is a function 
of impurity levels. It has been found that one impurity level exists for undoped 
ceramics and two impurity levels ---' for doped ceramics. An energy diagram of 
impurity levels for doped ceramics has been proposed. 

1. Introduction 

Bismuth compounds with layer structure are very interesting with their high stability, 
high Curie point and relatively low dielectric constant [1, 2]. They are very suitable 
for operation at high temperature and high frequence. 

The undoped Bi4 Ti30 12 (BT) ceramic has comparatively high conductivity and does 
not endure polarizing field of 20 kV /cm even at 100 °C [2]. It is impossible to polarize 
and to investigate the piezoelectric properties of this ceramics. By doping of BT with 
Nb20 5 , Ta20 5 , Sb20 5 and W03 the electric resistance increases and the polarization 
becomes possible [3, 4]. Consequently, the properties of BT are highly dependent on 
the type and the concentration of the impurities. It is necessary for the control of the 
properties to investigate the type and the parameters of the structural defects in undoped 
and doped ceramics. · 

In our present paper we have investigated the effects of dielectric polarization in 
3 types BT - undoped and. doped with W03 . The composition and parameters are 

shown in Table 1. 
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Table 1. 

Composition Sintering t1 E1 t2 Ei c: 
time (h) (s) (eV) (s) (eY) 

l .l3i3_97Ti3012 
I 243 0.80 121 
2 300 0.81 126 

2.Bi3.97Ti2.91 Wo.09012 
I 256 0.80 19 0.73 142 
2 300 0.81 26 0.72 136 

3.13i4Ti2.91 Wo.00012 
I 243 0.80 10 0.74 150 
2 310 0.81 25 0.72 146 

2. Experimental 

The ceramics have been prepared by the following procedures. The compositions of 
Bi203, Ti02 and in the relative mole ratio shown in Table 1 have been mixed on 
planetary mill Puverizete-5 in agate pot for 4 h. The mixture has been dried and pressed 
into discs of 50 nun in diameter and calcined at 800"'C in air for 3 h. The calcined 
discs have been pounded and milled for 4 h. Discs of 16 mm in diameter and 2 mm 
thick have been pressed. They have been sintered in air at 1100 °C for 1 hand 2 h. The 
specimens studied were with silver electrodes. The static dielectric constant c; at 1 kHz 
and the resistivity shown in Table 1 have been measured. The current of polarization 
has been measured with Schwing-Condensator-Electrometer VA-J-51. 

3. Results and Discussion 

The measurement taken on different samples has shown that the basic part of the 
polarization finishes in 3-5 minutes. The time dependence of polarization current is 
shown in Fig. 1. The number of the curves corresponds to the composition number. 
Curve 1 is an exponent with a time constant t 1 . Curves 2 and 3 may be presented as 
a sum of two exponents with time constants t 1 and t2 (Table 1). The time constant 
is a fi.mction of the activation energy of impurity level Ei [5]. For a wide-band gap 
semiconductor [5] 

(1) 

where Ee is the conduction band, k is the Bolzmann constant, T is the Kelvin tempera
ture. The values of Ei calculated according to (1) are shown in Table 1. The dependence 
of Ei on ti is weak and the values for all samples are equal within the limits of the 
error. The activation energy from 0.72-0.73 eV is present only in doped compositions, 
while the value 0.80-0.81 eV - at all compositions. The resistance decreases with 
partial deficiency of bismuth and increases by doping with W03. Consequently, BT is 
a nonstoichiometric compound with bismuth vacancies. These vacancies give rise to 
an acceptor level 0.80-0.81 eV. The sixvalent tungsten atoms occupy the place of the 
four-valence titanium atoms and have a donor action. We suppose that the activation 
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energy 0.72-0.73 eV corresponds to the tungsten donor level. On the ba~is of these 

results we propose the energy diagram of impurity levels in Bi4 Th012 in Fig. 2. 
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