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Abstract--- The pure and Gd3+-substituted lead zirconate titanate 

(PZT) ceramics with chemical composition Pb1-xGdx (Zr0.56Ti0.44)1-

x/4O3; x = 0.00 and 0.06 have been prepared using high temperature 

mixed oxide method at sintering temperature 12000C. Using a non-

destructive complex impedance spectroscopy (CIS) technique, the 

impedance properties of the materials have been investigated 

within wide range of temperatures and frequencies. The real part 

of impedance (Z') is found to decrease with the increase in 

frequency as well as temperature and at high frequencies, it 

acquires a very low constant value and becomes almost 

independent of both the frequency and temperature. The variation 

of imaginary part of impedance (Z") with frequency shows some 

peaks that shift towards higher frequencies with the increase in 

temperature exhibiting a decreasing trend of peak height. It 

suggests about the temperature dependent relaxation process in the 

material. The complex impedance Z' ~ Z" Nyquist plots indicates 

single semicircle or its tendency which suggests about the presence 

of bulk resistive contribution in the materials. The bulk resistance 

exhibits a decreasing trend with the increase in temperature 

suggesting a typical negative temperature coefficient of resistance 

(NTCR) type behaviour. These complex impedance plots also 

suggest the presence of non-Debye type of relaxation phenomenon 

in the materials.  

Keywords--- PZT, PGZT, CIS, Impedance analysis, NTCR, Non-
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I. INTRODUCTION 

With the discovery of ferroelectric property in BaTiO3 

in 1945, a revolution has arisen in the field of 

ferroelectricty which was resulted in the development of 

a large number of materials of different structural 

families (such as, perovskite, tungsten bronze, etc.). 

Among various oxides, materials with perovskite family 

of general formula ABO3 (where, A = mono or divalent; 

B = tri-hexavalent ions) were found useful in different 

electronic applications. Specially, some lead based 

perovskites namely PbTiO3, PbZrO3, Pb(Zr,Ti)O3, 

Pb(Mg,Nb)O3, etc. were found to be better ferroelectric 

materials [1-2]. 

Lead zirconate titanate Pb(Zr,Ti)O3 (popularly known 

as, PZT) [3] is the solid-state solution of ferroelectric 

PbTiO3 (PT; Tc = 490
o
C) and antiferroeletric PbZrO3 (PZ; 

Tc = 230
o
C) presenting two ferroelectric phases: 

tetragonal phase in the titanium rich side of the binary 

system and rhombohedra phase in the zirconium rich side 

[4-5]. With the change in Zr/Ti ratio, the physical 

properties of PZT can be modified considerably so that it 

becomes useful for many device applications.  

 

 

Its characteristic parameters considerably depend on 

its compositional fluctuations, particle size, nature of 

substitution, calcination and sintering temperatures, etc. 

PZT has tremendous applications in the field of research 

as well as in industries in the form of computer memory 

and display, actuators, Pyroelectric detectors, 

transducers, microphone, sensors, etc [1, 6-8]. 

This paper reports on the study of impedance 

properties of pure and Gd
3+

-substituted PZT ceramics 

with Zr/Ti ratio 56/44 using complex impedance 

spectroscopy technique. 

II.  EXPERIMENT 

The Gd
3+

-substituted lead zirconate titanate (PGZT) 

ceramics have been prepared through high temperature 

mixed oxide method with chemical composition Pb1-x 

Gdx(Zr0.56Ti0.44)1-x/4O3 (where x = 0.00 and 0.06) using 

99.9% pure (M/S Loba Chemie, Inc. Bombay, India) 

ingredients: PbO, ZrO2, TiO2 and Gd2O3. An extra 3% of 

PbO was added to the mixture to compensate lead-loss at 

high temperatures. The well mixed oxides were calcined 

at an optimized temperature of 1100°C for 10 hours. 

Using polyvinyl alcohol (PVA) as binder, the calcined 

powders were converted into pellets and were sintered at 

an optimized temperature 1200°C for 10 hours so as to 

get maximum density (97% of theoretical density).  

For the study of electrical properties, the smooth flat 

surfaces of the pellets were painted with high purity air-

drying silver paint. Using Phase Sensitive Multimeter 

(PSM; Model 1735) along with its accessories various 

electrical data were recorded at different temperatures 

and frequencies. Using them, complex impedance 

properties of the materials have been investigated. 

III. RESULTS AND DISCUSSION 

The complex impedance properties of the materials 

have been analysed using complex impedance 

spectroscopy (CIS) technique [9]. This technique is 

helpful in analysing real and imaginary components of 

complex electrical parameters so as to get true picture of 

the material properties.  
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Fig.-1: Temperature-frequency dependence of Z' of PZT and 

PGZT ceramics 

The variation of real part of impedance (Z') of PZT 

and PGZT samples with frequency at selected 

temperatures is shown in Fig.-1. Z' shows almost a sharp 

fall with the increase in frequency in lower frequency 

range. Z' is also found to decrease with the increase in 

temperature. At higher frequencies, Z' achieves nearly a 

very low constant value and becomes almost independent 

of frequency as well as temperature. It is mainly due to 

low frequency dispersion at lower frequencies and 

release of space charge at higher frequencies [10-12]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.-2: Temperature-frequency dependence of Z" of PZT and 

PGZT ceramics 

Fig.-2 shows the variation of imaginary part of 

impedance (Z") of the samples with frequency at 

different temperatures. At lower temperatures, Z" is 

found to decrease with increase in temperature as well as 

frequency and achieves a very low constant value at 

higher frequencies where it becomes independent of both 

frequency and temperature. In the higher temperature 

region, some peaks are observed that shifts towards 

higher frequencies as temperature increases. The peak 

height gradually decreases with the increase in 

temperature and finally merges in the high frequency 

region.  
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It shows thermally activated relaxation process in the 

materials. It may be due to presence of space charge 

polarization at lower frequencies and its elimination at 

higher frequencies. The observed asymmetric broadening 

of peaks indicates about the presence of some electrical 

processes in the materials with spread of relaxation time. 

This may be due to the presence of immobile species at 

low temperature and defects at higher temperatures [13-

14].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.-3: Temperature-frequency dependence of Z" of PZT and 

PGZT ceramics 

Fig.-3shows the complex impedance spectrum (Z' ~ 

Z": Nyquist plot) of pure and Gd
3+

-substituted PZT 

compound at different temperatures. Appearance of semi-

circular arc at different temperature shows that electrical 

properties in the material arise mainly due to the 

contribution of bulk effect. At lower temperatures only 

single arcs are obtained which are transformed into 

semicircles at higher temperatures.  

The formation of full, partial or no semicircles 

depends on the strength of relaxation and also 

experimentally available frequency range [15]. The 

electrical process taking place within the materials may 

be modelled (as an RC circuit) on the basis of the brick-

layer model [9]. In Nyquist plots, intercept of semi-

circular arcs on real Z'-axis gives the value of bulk 

resistance (Rb) which is found to decrease with increase 

in temperature. It suggests about the negative 

temperature coefficient of resistance (NTCR) type 

behaviour of the PGZT compound. These plots exhibit 

depressed semicircles with centres lying below the real 

Z'-axis which confirms the presence of non-Debye type 

of relaxation in the material [16-17].  

IV. CONCLUSION 

Polycrystalline samples of PZT and PGZT with 

chemical composition Pb1-xGdx(Zr0.56Ti0.44)1-x/4O3; x = 

0.00 and 0.06 were prepared by mixed oxide method at 

1200°C sintering temperature. Real and imaginary parts 

of complex impedance properties of the materials were 

investigated by using complex impedance spectroscopy 

(CIS) technique. At a particular temperature, the 

observed single arc in the form of single/double 

semicircles (or tendency) in the complex impedance plots 

confirms about the formation of samples in single phase.  

The real part of impedance (Z') is found to decrease 

with the increase in frequency which indicates normal 

ferroelectric behaviour of the materials. At high 

frequencies Z' gets a very low constant value and 

becomes almost independent of both the frequency and 

temperature. The decrease of Z' with increase in 

temperature at lower frequencies suggests negative 

temperature coefficient of resistance (NTCR) type 

behaviour of the materials. The variation of imaginary 

part of impedance (Z″) exhibits similar behaviour as that 

of Z' at lower temperatures. At higher temperatures, some 

peaks are observed that shift towards higher frequencies 

as temperature increases with a decreasing trend of peak 

height. It suggests about the temperature dependent 

relaxation process in the material. The complex 

impedance Z' ~ Z" Nyquist plots exhibit single semicircle 

or its tendency which suggests about the presence of bulk 

resistive contribution in the materials. It supports NTCR 

behaviour of the materials. The intercept of these 

semicircles on real Z' -axis gives the value of bulk 

resistance which is found to decrease with increase in 

temperature. The value of bulk resistance (Rb) is found to 

increase with 6% substitution of Gd
3+

 in the pure PZT 

sample. These complex impedance plots also suggest the 

presence of non-Debye type of relaxation phenomenon in 

the materials.  
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