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Multi-frequency and multi-pulse Electron Paramagnetic Resonance (EPR) spectroscopy provides a 
sensitive technique to study the defect structure in piezoelectric lead zirconate titanate Pb[ZrxTi1−x]O3 
(PZT) as well as sodium potassium niobate [KyNa1−y]NbO3 (KNN) ceramic compounds [1,2], which is 
an important issue as it impacts the materials properties of ferroelectric devices. In particular acceptor-
doped ‘hard’ ceramics with high concentration of oxygen vacancies show increased change of their 
electrical properties with time, the phenomenon being termed as ferroelectric aging. On an atomic 
scale, it is shown that acceptor ions, such as Fe3+ or Cu2+, are incorporated at the perovskite B-site, 
forming defect dipoles with a directly coordinated oxygen vacancy for reason of charge compensation 
[3-6]. Although the overall concentration of oxygen vacancies is increased for acceptor-doped PZT 
compounds, the concentration of mobile oxygen vacancies remains constant or even is reduced owing 
to the formation of defect dipoles of the additionally created vacancies. 

On the other hand, donor-doped ceramics with no significant oxygen vacancy concentration and 
charge compensation by lead vacancies in distant coordination spheres [7] are more stable in time 
concerning their electrical properties. By simultaneously co-doping with acceptor- and donor dopants, 
PZT compounds of excellent piezoelectric characteristics can be obtained. In particular, defect associ-
ates analogous to acceptor-modified compounds have been identified also in ‘soft’ donor-acceptor co-
doped compounds [8-10]. 
 Another important issue in the class of ferroelectric materials is the control and understanding of 
so-termed internal bias fields in order to enhance device reliability. Internal bias fields manifest in 
voltage shifts of the ferroelectric hysteresis loop and may occur when the device remains in a particu-
lar polarization state for a given period of time. Such effects have been proposed arising due to the 
existence of inherent defect dipoles and their dynamics are being discussed in terms of the ferroelec-
tric aging phenomenon. Whereas the fast rearranging processes that take part in domain growth and 
domain wall motion during poling are quite well understood, there is currently only a few such de-
tailed information available about the switching dynamics of defect dipoles. In particular, defect di-
poles do not switch during fast field cycling because such a process has to involve short-range-order 
oxygen vacancy diffusion around the acceptor centre and consequently has to be considerably slower 
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than the domain switching process and certainly has to involve considerably higher thermal and elec-
tric-field energies [11]. 
A further issue of relevance are high-temperature piezoelectric actuator and transducer applications. 
The (1− x)BiScO3-xPbTiO3 (BSPT) solid solution system is a promising candidate owing to the consi-
derably higher Curie temperature TC for the ferroelectric-paraelectric transition as compared to con-
ventional piezoelectrics, such as PZT. However, a major drawback for high-temperature piezoelectric 
devices is the fact that polycrystalline ferroelectric materials often are extrinsic semiconductors owing 
to impurities and charged defects. As a consequence they possess an inherently high level of conduc-
tivity at elevated temperatures. A strategy to circumvent this problem is the doping with manganese. 
The effect of multi-valency manganese doping on the defect structure and enhanced resistivity consists 
in the trapping of conduction electrons at the manganese functional center sites. Furthermore, through 
the formation of defect associates between the manganese ions and oxygen vacancies the ionic con-
ductivity is reduced. Concerning the overall mechanism of charge compensation both kind of defects 
tend to mutual compensate. 
 

References 
[1] R.-A. Eichel, J. Electroceram. 19 (2007) 9. 
[2] R.-A. Eichel, J. Am. Ceram. Soc. 91 (2008) 691. 
[3] H. Meštrić, R.-A. Eichel, T. Kloss, K.-P. Dinse, S. Laubach, P. C. Schmidt, K. A. Schönau, M. Knapp, H. Ehrenberg, 

Phys. Rev. B 71 (2005) 134109. 
[4] H. Meštrić, R.-A. Eichel, K.-P. Dinse, A. Ozarowski, J. van Tol, L. C. Brunel, H. Kungl, M. J. Hoffmann, K. A. Schö-

nau, M. Knapp, H. Fuess, Phys. Rev. B 73 (2006) 184105. 
[5] R.-A. Eichel, P. Erhart, P. Träskelin, K. Albe, H. Kungl, M. J. Hoffmann, Phys. Rev. Lett. 100 (2008) 095504. 
[6] R.-A. Eichel, E. Erünal, M. D. Drahus, D. M. Smyth, J. van Tol, J. Acker, H. Kungl, M. J. Hoffmann, Phys. Chem. 

Chem. Phys. 11 (2009) 8698. 
[7] R.-A. Eichel, H. Meštrić, H. Kungl, M. J. Hoffmann, Appl. Phys. Lett. 88 (2006) 122506. 
[8] E. Erdem, R.-A. Eichel, H. Kungl, M. J. Hoffmann, A. Ozarowski, J. van Tol, L. C. Brunel, Phys. Scr. T129 (2007) 12. 
[9] E. Erdem, R.-A. Eichel, H. Kungl, M. J. Hoffmann, A. Ozarowski, J. van Tol, L.C. Brunel, IEEE TUFFC 55 (2008) 

1061. 
[10] E. Erdem, M. D. Drahus, R.-A. Eichel, H. Kungl, M. J. Hoffmann, A. Ozarowski, J. van Tol, L.C. Brunel, Funct. Mat. 

Lett. 1 (2008) 7. 
[11] L. X. Zhang, E. Erdem, X. Ren, R.-A. Eichel, Appl. Phys. Lett. 93 (2008) 202901. 
 
 


	Multi-Frequency and Multi-Pulse EPR Spectroscopy for the Study of Structural and Dynamic Properties of Defect Centers in Perovskite Oxides
	Rüdiger-A. Eichel
	Universität Freiburg, Institut für Physikalische Chemie I,  Albertstr. 21, 79104 Freiburg, Germany
	References


