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Polarization switching dynamics in virgin and fatigued ferroelectrics   

 (PZT, lead-free ferroelectric ceramics: BNT-BT, BZT-BCT and single crystals) 
 

 switching characteristics for time interval from 10-6s to 103s and temperature range 

from -500C to +2000C:  - switching  time,  Ea - activation field, switched and back-

switched polarization versus time and applied field 

 

 influence of bipolar fatigue on switching  parameters (defects, pinning  centers, crack 

formation, dead-layer),  

 

 new models for polarization reversal (Inhomogeneous Field Mechanism – IFM model 

(2010)): distribution of switching times ɡ(), local field distribution f(E/Em) 
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 Models with single τ  
 

Classical model of nucleation and growth:  

Kolmogorov-Avrami-Ishibashi (KAI)  
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 Models with spectrum of τ  

 

  
Switching volume is represented as an ensemble 

of many regions with independent dynamics 

KAI model vs. experiment 

Total polarization of the system results from the 

summation of the local polarizations p(t,)  and 

can be represented as  

 

 

 

 

where  g() is the distribution of the switching 

times in the system  

fatigue regime: 50Hz, 2Ec, cycles number up to 108 

How to obtain g() from experiment ? 

  
 Nucleation-limited-switching (NLS) model 

by Tagantsev et al., 2002  

 Lorentzian distribution for g(log τ)  as a 

result of the local field  distribution due to 

pinning sites (Jo et al. 2007,  

      Nautial et al. 2010, Dabra 2010) 
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Classical KAI model cannot properly 

describes the polarization reversal in 

fatigued ceramics 

Scaling properties in different 

classes of well disordered 

ferroelectrics 

PZT polycrystalline 

bulk ceramics 

(virgin and fatigued ) 

Lead-free ceramics 

BNT-6BT + Cu; BZT-BCT 

(virgin and fatigued) 

Organic ferroelectrics: 

PVDF, p(VDT-TrFE)  

The polarization reversal is primarily controlled 

by the statistical characteristics of disorder 

(local field distribution) rather than by a 

temporal law of the local polarization switching. 

Universal Switching Behavior 

Inhomogeneous Field Mechanism Model 

(IFM -Model) for polarization reversal 
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Local field distribution Z(E/Em) 

in polycrystalline ceramic 

Factors determined the local field distribution in 

polycrystalline ceramic at the mesoscopic scale   

 

Grain boundaries  and triple points 

Pores and cracks 

Polar defects and pinning sites 

Spatial variation in dielectric permittivity tensor  

Em 

Scaling properties of the normalized 

logarithmic derivative  {P/ (lnE)} / 

Pmax - virgin and fatigued samples of 

Pb(Zr0,525Ti0,475)O3 + 2% La 
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Polarization kinetics in Lead-

free ceramic in virgin and 

fatigued states: BNT-6BT+Cu      
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Fatigue resistance comparable to 

some commercial PZT ceramics  
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