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• Development of lead-free piezoceramics for actuator- and 

sensor-applications 

• Identification and quantification of fatigue and aging mechanisms 

in lead-free piezoceramics 

• Influence of the relaxor state on fatigue and aging 

• Influence of doping: Possibility of tailoring the material? 

 

→  E-T stability diagram 

→  Acceptor-doping: aging and hardening effects 

→ Fatigue characteristics in lead-free multilayer devices  

 

• Successful implementation of lead-free ceramics in multilayer 

devices 

• Unipolar cycling at ambient temperature up to 108 cycles 

• Nonergodic relaxor: low strain, high fatigue resistance 

• Ergodic relaxor: high strain, low fatigue resistance 

 

• Canonical relaxor: ergodic state, nonergodic state, field-

induced ferroelectric state 

• Stability regions depend on electric field and temperature 

• Field-induced transitions visible in ε‘(E) and j(E)  

 

 
BNT-3BT:0.5Mn 

• Peaks in j(E) mark transition 

• Frequency: 100 mHz 

ergodic nonergodic 

BNT-6BT:1Fe 

• Acceptor-doping: hardening absent, aging absent in relaxor state 

• Field-induced ferroelectric state: internal bias field develops 

• EPR shows co-existence of defect complexes and free iron 

• Ratio of defect complexes and free iron depends on poling state 
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