
Size effects of ferroelectric and magnetoelectric properties of self-ordered 

arrays of multiferroic bismuth ferrite nanoparticles  

 
Victoria V. Khist1, Eugene A. Eliseev2, Maya D. Glinchuk2 and Anna N. Morozovska3* 

 

1Institute of Magnetism, National Academy of Sciences of Ukraine and Ministry of Education 

and Science of Ukraine, 

 
2 Institute for Problems of Materials Science, National Academy of Sciences of Ukraine,  

3, Krjijanovskogo, 03142 Kyiv, Ukraine, 

 
3Institute of Physics, National Academy of Sciences of Ukraine,  

46, pr. Nauky, 03028 Kyiv, Ukraine 

 

According to the urgent demands of nanotechnology of multiferroic miniaturization for ultra-

high density data storage in advanced nonvolatile memory cells, it is extremely important to 

reduce the sizes nanoparticles in the self-assembled arrays without serious deterioration of their 

magnetoelectric (ME) properties. in which information bits can be written and read without 

damage to the structure. The spontaneous polarization direction of the ferroelectric can be switch 

individually by applying voltage to the conductive tip of the scanning probe microscope. 

Bismuth ferrite (BiFeO3) in a macroscopic form is one of the most promising multiferroic 

with a sufficiently high ferroelectric (TFE 1098K) and antiferromagnetic (TAFM643K) 

transition temperatures, high ME coupling coefficient at room temperature, and thus is a highly 

sensitive on the impact of cross-influence of external electric and magnetic fields.  

Therefore, the investigation of the size effects influence on its FE, AFM and ME 

properties of BiFeO3 nanoparticles is essential for the design of multiferroic nanostructures with 

the desired characteristics. The object of our study are the FE, ME properties and phase diagrams 

and of semi-ellipsoidal BiFeO3 nanoparticles with different orientation of the spontaneous 

polarization clamped to a rigid conductive substrate [Figure 1]. The inhomogeneous spatial 

distribution of the spontaneous polarization vector of the inside ferroelectric nanoparticles, 

magnetoelectric properties and phase diagrams of their self-ordered arrays were calculated in the 

framework of the Landau-Ginzburg-Devonshire (LGD) approach, classical electrostatics and 

elasticity theory. 
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Figure 1. Semi-ellipsoidal BiFeO3 nanoparticles with different orientation of the spontaneous 

polarization clamped to a rigid conductive substrate. The ferroelectric polarization can be directed 

parallel (a) or perpendicular (B) to the substrate plane. Semi-ellipsoid height is h, the radius is R. (c) The 

nanoparticle polarization direction on the aspect ratio h/R. 
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