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Why Doping / Co-doping? 
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Acceptor doping, e.g.: 𝑀𝑛2𝑂3 → 2𝑀𝑛𝑇𝑖,𝑍𝑟
′ + 𝑉𝑂

.. + 3𝑂𝑂
𝑋 

Donor doping, e.g.: 𝑁𝑏2𝑂5 + 𝑃𝑏𝑂 → 2𝑁𝑏𝑇𝑖,𝑍𝑟
. + 𝑉𝑃𝑏

′′  

In-

fluen-

ces 

 Defect dipoles  Schottky barriers  Domain walls 



What are Possible Applications? 
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 Piezoelectric flow meters 

 

 

 Nano-positioning 

 

 

 Energy harvesting 

 

 

 High power applications 

 

 



Compositions / Synthesis /  

XRD Characterization 
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SEM Investigation / Density 
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Excess Doping of BNKT20 and 

BNKT25 with V2O5 
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(Co)-doping V + Cu Overview 
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(Co)-doping BNKT10 
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b1g 
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Electron Paramagnetic Resonance 

(Co-)doped BNKT10 
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𝑉2𝑂5 → 2𝑉𝑇𝑖
𝑋  

𝐶𝑢𝑂 → 𝐶𝑢′𝑇𝑖
′ + 𝑉𝑂

..  

𝑉2𝑂5 → 2𝑉𝑇𝑖
. + 𝑉𝐵𝑖

′′′ / 𝑉𝑁𝑎,𝐾
′  

! 

 V incorporated 

 as V4+ 
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Summary / Conclusions 
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  Co-doping at rhombohedral site of MPB (BNKT10) 

  Butterfly-type strain curve, high KT, Pr, Pmax, Ec and Tf-r 

  Transducers, high power applications 

  Co-doping at MPB (BNKT20) / excess doping 

  Polarization loop pinching, high Smax, low Ec, relatively low Tf-r 

  Actuator applications 

  Vanadium state V5+? / V4+; Cu2+ at grain boundaries 



Thank you 

for your attention! 
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