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Introduction & Motivation
Polarization rotation  piezoelectricity
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Introduction & Motivation
Polarization rotation  first-principle calculation

PZN
PZN-PT

H.Fu, R.E.Cohen, Nature 403, 281 (2000)



Introduction & Motivation
Relaxors  dielectric response & enhanced ferroelectricity

J. M. Kelly, PhD dissertation (1998). {A. Safari, Rutgers}



Introduction & Motivation
Problems in relaxors: 

1.1.Polarization rotation induced Polarization rotation induced 
piezoelectricity enhancement?piezoelectricity enhancement?

2.2.Ferroelectric Ferroelectric nanoclustersnanoclusters induced induced 
piezoelectricity enhancement?piezoelectricity enhancement?



Model and simulation
Strategy:

Phenomenological 
Model

Chemical Inhomogeneity

Dipole Inhomogeneity

Enhanced Piezoelectricity

Dielectric Enhancement

Dielectric Relaxation



Model and simulation: two-dimensional model
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Model and simulation: two-dimensional model
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Model and simulation: procedure

∂Pi(r,t)/∂t=−LP·δF/δPi(r, t), 
∂ui(r,t)/∂t=−Lu·δF/δui(r, t),         (i=x,y)

Initial State
T>>Tc; E=0

Unpoled State
T=0; E=0.0

T=T+∆T

poleZFC

E=E+∆E
T=T+∆T

E=E+∆E

Poled State
T=0; E=0.0



Results & discussion:

Normal ferroelectricsNormal ferroelectrics

oror

RelaxorRelaxor ferroelectricsferroelectrics



Results & discussion: domain patterns

T0=10.0

Normal ferroelectricsNormal ferroelectrics



Results & discussion: domain patterns

RelaxorsRelaxors

Poled, Cp=0.5, bM=6, Tc=10.0, a=1.5



Results & discussion: energy terms

Phase diagram & elastic energyPhase diagram & elastic energy



Results & discussion:

Field enhanced Field enhanced 
piezoelectricity in piezoelectricity in relaxorsrelaxors



Results & discussion: enhanced piezoelectricity

9090oo--domain flipdomain flip

Unpoled, C=0.3, Cp=0.5, bM=25, T=1.0, Tc=10.0, a=



Results & discussion: enhanced piezoelectricity

9090oo--domain flipdomain flip

Unpoled, C=0.3, Cp=0.5, bM=25, T=1.0, Tc=10.0, a=



Results & discussion: enhanced piezoelectricity

9090oo--domain flipdomain flip

Unpoled, C=0.3, Cp=0.5, bM=25, T=1.0, Tc=10.0, a=
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Results & discussion:

NanoclusterNanocluster enhanced enhanced 
piezoelectricity in piezoelectricity in relaxorsrelaxors



Results & discussion: enhanced piezoelectricity

Cluster size effectCluster size effect

Poled, Zero Field
Cp=0.5, bM=3, T=1.0, Tc=3.0, a=2



Results & discussion: enhanced piezoelectricity

Cluster size effectCluster size effect

Poled, Zero Field
Cp=0.5, bM=3, T=1.0, Tc=3.0, a=2



Results & discussion:

Critical phenomena in Critical phenomena in relaxorsrelaxors
and enhanced piezoelectricityand enhanced piezoelectricity



Results & discussion: enhanced piezoelectricity

Critical phenomenaCritical phenomena

Z. Kutnjak, J. Petzelt, and R. Blinc, Nature 441, 956 (2006).



Results & discussion: enhanced piezoelectricity

Critical phenomenaCritical phenomena

Z. Kutnjak, R. Blinc, and Y. Ishibashi, PRB 76, 104102 (2007).



Results & discussion: enhanced piezoelectricity

Critical phenomenaCritical phenomena

Poled Cp=1.0, bM=3.2, T=2.0, Tc=3.0, a=2



Results & discussion: enhanced piezoelectricity

Critical phenomenaCritical phenomena

Poled Cp=1.0, bM=3.2, T=2.0, Tc=3.0, a=2
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Summary 

Phenomenological 
Model

Chemical inhomogeneity

Dipole Inhomogeneity

Enhanced PiezoelectricityDielectric Enhancement
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Critical Phenomena 
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