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The E-field in situ TEM technique: Double-tilt stage 
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Annual refereed publications on 
lead-free piezoceramics 

4 Courtesy of Prof. Jürgen Rödel 

[(Bi1/2Na1/2)1-xBax]TiO3 



The poling of ferroelectric polycrystals:  
 Breaking the space inversion symmetry  

 Transforming non-piezoelectric to piezoelectric 
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The phase diagram of unpoled ceramics of 
[(Bi1/2Na1/2)1-xBax]TiO3   
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[(Bi1/2Na1/2)0.94Ba0.06]TiO3  



Phase transitions & the corresponding d33 
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Poling: 25oC, at field levels from 1.5 to 6.5 kV/mm. 
After 24 hours, d33 was measured at 10 spots across the electrode surface. 

Virgin state 

prior to poling 

C. Ma, H. Guo, S.P. Beckman, and X. Tan, Phys. Rev. Lett. 109, 107602 (2012). 



Poling below EC? 
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EF: the critical field to transform 
to ferroelectric phases  

EC: the critical field to switch 
ferroelectric domains 

EP: the critical field to develop 
saturating piezoelectric d33 

For [(Bi1/2Na1/2)0.93Ba0.07]TiO3  

EF = 2.5 kV/mm  

EC = 2.4 kV/mm 

EP = 1.5 kV/mm  

H. Guo, C. Ma, X. Liu, and X. Tan, Appl. Phys. Lett. 
102, 092902 (2013). 



Poling of the P4bm phase! 
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H. Guo, C. Ma, X. Liu, and X. Tan,  
Appl. Phys. Lett. 102, 092902 (2013). 
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Poling of the P4bm 
relaxor phase 
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H. Guo, C. Ma, X. Liu, and X. Tan, Appl. Phys. Lett. 
102, 092902 (2013). 

1.4 kV/mm 

Virgin 



The updated phase diagram with the Cc phase 
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The reversing of ferroelectric polarization 

PNZST 43/8/2 
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[(Bi1/2Na1/2)0.95Ba0.05]1-xLaxTiO3  
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[(Bi1/2Na1/2)0.95Ba0.05]1-xLaxTiO3  
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[(Bi1/2Na1/2)0.95Ba0.05]1-xLaxTiO3  
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The cycling of ferroelectric polarization 
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[(Bi1/2Na1/2)0.95Ba0.05]0.98La0.02TiO3  
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Cycling at 
±30kV/cm at 1 Hz. 

ZA [112] 

Micrographs recorded 
at zero field. 



[(Bi1/2Na1/2)0.95Ba0.05]0.98La0.02TiO3  
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ZA [112] 

The same 
TEM 
specimen 



[(Bi1/2Na1/2)0.95Ba0.05]0.98La0.02TiO3  
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ZA [111] 

The same 
TEM 
specimen 



[(Bi1/2Na1/2)0.95Ba0.05]0.98La0.02TiO3  
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At 40kV/cm 
after 103 cycles 
at ±30kV/cm 

ZA [111] 

After initial poling 
at 30kV/cm 



X-ray diffraction on a bulk specimen 

22 

Estimated domain size reduces from 40 nm to 20 nm after 103 cycles 
(±45 kV/cm at 4Hz). 

½(311) 



Macroscopic behavior in bulk specimens 
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P = P0 + Alog(N) 
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Why it happens? 
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Conclusions 

[(Bi1/2Na1/2)1-xBax]TiO3–based ceramics: 

• Phase transitions occur during electrical poling. 

• Phase transitions occur during polarization reversing. 

• Domain fragmentation occurs during electrical cycling. 
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