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Abstract 

The ferroelectric materials signified by the existence of electric potential that can be reversed 

using an external electric field. Hence, the polarization was an important parameter. It was well 

known that the polarization in a bulk ferroelectric was homogenous. However, when it was 

noticed, the electric polarization at the region near the surface was in-homogeneous.  This 

inhomogeneous polarization was important since it affected the physical behaviour of 

ferroelectric.  In this paper, we studied the inhomogeneity in the surface of ferroelectrics by 

using lattice model.  In this model, we included the interaction between lattices.  We obtained 

that in-homogeneous ferroelectric appeared near surface.  We predicted that this happened since 

above the lattice at the surface, there was no other existed lattice.  The difference of interaction 

constant lattice at the surface and the other interaction constant of the lattice inside material 

also contributed to the inhomogeneity. 
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Introduction 

The ferroelectrics ws a type of material which retained spontaneous electric polarization.  This 

electric polarization can be reversed by applying an external electric field [1].  Spontaneous 

polarization occurred when temperature was lower than Curie temperature 𝑇𝐶. The electric 

polarization was an important parameter in ferroelectric since it affected the resonance 

frequency of the permittivity [2].  In the bulk geometry, the polarization was homogeneous. 

However, if we noticed the polarization near surface, we found that the electric polarization 

was inhomogeneous.  This inhomogeneous property was also found in the film geometry [3].  

This behavior appeared from the size effect where the value of polarization near surface was 

different from the value inside material [4]. 

The inhomogeneous polarization can be studied by assuming that the bulk geometry 

comprised of the lattices.  In this model, we focused on the lattices near surface of the 

ferroelectrics.  There were interactions of the polarization at a lattice and the polarization at the 

nearest neighbor lattices [5]. The equation of density energy was derived for each lattice.  The 

solutions of the minimization of the energy in each lattice illustrated the inhomogeneity of the 

electric polarization near surface.  
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The method and formulation 

     The geometry of this study was given in Figure 1.  A ferroelectric material was placed with 

the surface set at x-y plane. Here, we considered the model of ten lattices, with the first lattice 

was at surface.  The density energy of this lattice model can be written as[5] 
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Here, 𝑎0 and 𝛽 represented the ferroelectric stiffness constant, 𝑇𝑐  was Curie temperature, E 

symbolized external electric field.  Parameter 𝑃𝑖 signified the electric polarization in ith lattice. 

 
 

Figure 1.   Geometry of the study.  The lattice model with lattice 1 at the surface.  

Here, the surface of ferroelectric was arranged at x-y plane. 

 

Then, using substitution 𝑃𝑖 = 𝑝0℘𝑖 with 𝑝0 = (𝑎0𝑇𝐶/𝛽)1/2 and performed rescaling process, 

we obtained the unit-less form. The minimization of energy density toward the polarization 

(
𝜕𝐹

𝜕𝑃
= 0), resulted the equation in each lattice as 

ℂ𝑖℘𝑖 + ℘𝑖
3 − 𝜅𝑖℘𝑖−1 = 0        

      (2) 

where ℂ𝑖 = [(
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− 1) + (
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)], 𝜅𝑖 =
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.  Here, the electric field was excluded.  The solution 

can be obtained by solving simultaneously Eq. (2) for involved lattices.  In the numerical 

calculation, we set the value of interaction constant between lattice 2 and lattice different from 

the value of the rest lattices. 

 

Results and Discussion 

In this paper, we used the lattice model with the number of lattices was 10. The solution of Eq. 

(2) was presented in Figure 2 below. 
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Figure 2. The electric polarization.   (a) The homogeneous polarization in bulk 

ferroelectric.  (b) Inhomogeneous polarization around the surface of 

ferroelectrics.  The shaded red lines illustrated surface of ferroelectric. 

 

In the numerical calculation, we set the number of lattices was ten.  We considered that that 

number can illustrate the condition near surface and also bulk.  Here, we used parameters as: 

𝑇𝐶 = 391, 𝑎0 = 6.65 × 105 K-1, 𝛽 = 3.56 × 109 cm3/erg, which is appropriate for 

ferroelectric BaTiO3. Since we did not have any information about the value of inter-lattice 

constant, we set 𝐾 = 1.5 × 106 for the interaction between lattice one and two, and 𝐾 =
3.5 × 107 for the rest of lattice interactions. For the case of homogeneous polarization in Figure 

2a, we use the same interaction constant for all lattices, which was 𝐾 = 3.5 × 107. Since the 

parameters in homogeneous case (bulk) were similar for all lattices, Then the polarization in 

each lattice showed the same value as illustrated in figure 2a.  In bulk, the effect of 

inhomogeneity at the surface covered by homogeneous polarization in the ferroelectric.  Hence, 

the non-homogeneous polarization near surface was not significant and it was difficult to 

observe. 

The result for non-homogeneous case presented in figure 2b.  At the picture, the red line 

represented the surface. Here, the lattice at the surface did not have neighbor lattice above it 

since the lattices was limited at the surface.  The interaction between surface’s lattice and a 

lattice below it had different value with the other value of inter-lattice interaction.  These 

conditions generated the in-homogeneity of the electric polarizations near the surface.  The 

effect can be observed if we only involved a few lattices in the model.  Here the in-homogeneity 

is only about 10% from the electric polarization of the bulk. 

 

Conclusion 

The inhomogeneity of the electric polarization near the surface was contributed by two 

factors. One, the condition that the lattice at the surface only have one neighbour.  Two, the 

value of constant inter-lattice between lattice at the surface and its neighbour was different from 

the value of other constant inter-lattice at the body of the ferroelectrics. 

 

 

 

  
(a) (b) 



75 | International Journal of Scientific and Management Research 8(10) 72-75  

Copyright © The Author, 2025 (www.ijsmr.in) 

 

Acknowledgment 

     We acknowledge Physics Department, Faculty of Sciences and Mathematics, Diponegoro 

University for the support of this work  

 

References 

1) N. Setter, “What is Ferroelectric-a Materials Designer Perspective”, Ferroelectrics 500, 

164-182, 2016. (doi: 10.1080/00150193.2016.1232104) 

2) V. Gunawan, A. Subagio and N. A. K. Umiati, “The Dynamics of Polarization and 

Magnetization: Susceptibilities of Magnetoelectric Multiferroics”, Journal of Physics: 

Conf. Ser. 1825, 012049, 2021. (doi:10.1088/1742-6596/1825/1/012049) 

3) V. Gunawan, “The Electric Susceptibility of Ferroelectric Films”, IJIRAE 06, 368, 

2019. (doi: 10.26562/IJIRAE.2019.MYAE10088) 

4)   K. H. Chew, L. H. Ong, J. Osman and D. R. Tilley, “Theory of Far-Infrared Reflection 

and Transmission by Ferroelectric Thin Films”, J. Opt. Soc. Am. B 18, 1512, 2001. (doi: 

10.1364/JOSAB.18.001512) 

5) Y. Ishibashi, “A Model of Polarization Reversal in  Ferroelectrics”, J. Phys. Soc. Japan 

59, 4148-4154, 1990. (doi: 10.1103/PhysRevB.72.214120) 

https://doi.org/10.1364/JOSAB.18.001512

