
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
    The schematic of 180˚ domain wall in tetragonal 

BaTiO3. The blue and red oxygen octahedra indi-

cate positive and negative out-of-plane polarizat-

ions, respectively. Additional characteristics (Bloch 

and Néel) was found by theoretical calculations. 
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    The phase-field model of ferroelec-

tric domains is extended to include 

the contribution of flexoelectricity by 

introducing the strain gradient – pola-

rization coupling. we first apply our 

model to study the domain walls of 

perovskite ferroelectrics. It is shown 

that even the classic Ising 180° 

ferroelectric domain wall contains 

both Bloch and Néel types of pola-

rization components due to the flexo-

electric effect. Secondly, the nano-

scale mechanical switching of ferro-

electric domains via flexoelectricity is 

analyzed using the extended phase-

field model. Our simulation results 

show good agreement with experi-

mental observations.  
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 A phase-field model of ferroelectric domains with 

flexoelectric effects was developed 

 The classical Ising ferroelectric domain walls also 

possess both Néel-like and Bloch-like features, 

which are induced by the flexoelectric effect 

 The mechanical switching process with AFM was 

successfully simulated by our phase filed model 

 The mechanism mechanical switching via flexo-

electric effect  was revealed, and the thickness de-

pendence was analyzed 

 

 

 

 

    The evolution of  polarization is governed by the 

time-dependent Ginzburg-Landau equation, 
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the bulk energy 
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    Phenomenologically, polarization can be related to 

the mechanical deformation through the expression 

above. To be specific, the piezoelectric effect and the 

flexoelectric effect contribute. Even though the flexo-

electric coefficients are very small, the flexoelectric 

effect may still dominate the behavior of the ferro-

electrics at the nano scale.  
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Piezoelectricity Flexoelectricity 

    Phase-field simulation of mechanical switching via flexoelectric effect. The 

calculated distribution of stress components σ1(a) and σ3(b), polarization 

components P1(c) and P3(a). Clearly, the domain beneath the AFM tip is 

switched. However, as shown in the polarization profile (e) and (f), without 

flexoelectric effect the domain cannot be switched. 

    By varying the load and the film thickness, we calculated the dependence 

of switched domain width on these two factors, as shown in (a). (b - e) show 

the polarization, stress components and flexoelectric effect of 1000nN load 

on 25 nm film. The switched domain is well inside the contact area, because 

the flexoelectric effect is weak at the film bottom. 

Flexoelectricity induced new features 
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BaTiO3 thin film 

    As shown in the energy profile on 

the right, the flexoelectric effect can 

asymmetrically modify the energy 

landscape. Hence, the polarization 

can be switched. And the switched 

domains are thermodynamically 

stable even after unloading (they 

are already in the other energy 

well). This is quite different from the 

conventional mechanical switching 

through piezoelectricity.  

Switching Mechanism 
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    Figure (a) shows the setup of the simulation system with the angle 

θ representing the angle between the wall and the [100] direction. 

Figure (b) shows the maximum values of the induced Bloch and Néel 

components as a function of θ. When θ = nπ/4 (n is integer), the 180 

domain wall is Ising – Néel like (Figure c); while for the other angles 

the wall is Ising – Néel – Bloch like (Figure d). We found the new 

features are entirely due to the  flexoelectric effect, by comparing the 

results with and without flexoelectric effect.  

 


