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Abstract: The variation of dielectric constant with temperature of bulk materials like CaTiO3 

& BaTiO3 are analysed. Hence, the phonon polariton dispersion of the Dielectric-Ferroelectric 

(CaTiO3/BaTiO3) superlattice is studied. The presence of modes in the Polaritonic gap are 

investigated. It is found that these polariton modes in the forbidden gap  are tuned by applying 

external perturbations.  

 

1. Introduction  

Ferroelectric/dielectric superlattices can be designed to control the polarization of their dielectric 

components using the electrostatic boundary conditions at the interfaces
1
. Thelattice constant of superlattices is 

electromechanically coupled to the polarization, and depends on the electrostatic state of the superlattice
2
. The 

structural and electrical properties of the superlattice at zero external electric field have been well established 

both experimentally
3
 and theoretically

4
 based on the electrostatic energy argument. How both the overall 

polarization and the lattice parameter of the superlattice response to applied electric fields, however, remains an 

important open question. 

The polarization switching process in the superlattice is affected by the electrostatic energy of 

neighboring domains with differing polarization states. Nano-scale domain can form within superlattices due to 

the bound charge at interfaces
5
. Polarization switching results in a coupling between the structural properties 

and the polarization because the lattice distortion is proportional to electric polarization
6
. By probing the 

structural and electrical properties of a superlattice during polarization switching we obtain insight into how 

these electrostatic conditions vary in applied electric fields. Here we combine in-situ studies of lattice distortion 

and electrical displacement current measurements for a ferroelectric/dielectric superlattice capacitor in applied 

electric fields. A broad distribution of lattice constant was found in electric field region higher than the nominal 

coercive field. 

2. Theory 

             BaTiO3 and CaTiO3 have very attractive combination of electro-optic, piezoelectric and other optical 

properties that has made it one of the most extensively studied materials in recent years. BaTiO3 and CaTiO3 

belong to trigonal crystals of point group 3m, a negative uniaxial crystal, transparent from 0.33µm to about 

5µm. When the temperature of the crystals are increased the values of the optical parameters are altered. For the 
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ferroelectric crystals the changes in refractive index with temperature is given by )1()( Tnn oT  -------(1). 

This equation can be represented in terms of dielectric constants as       

)21()( TT      --- (2)       and 

)1(0)(0 TT      ---- (3) 

where 
dT
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T
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1

1  are the temperature coefficients
7
. The values of   and   are calculated at 

room temperature. The changes in transverse optical phonon frequency with temperature is given by 
8
 

2/1

)( )( cTTO TTA  ----------(4). The corresponding longitudinal optical phonon frequency at different 

temperatures can be determined using LST relation. So that the behavior of polariton dispersion at different 

temperatures is studied. 

            The dependence of the frequency “ω” on the wave vector k of an electromagnetic wave in a crystal with 

the dielectric function )( is determined by a dispersion relation for an infinite isotropic crystal. The 

dielectric function for the bulk is given by   
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where  TO  is the frequency of the transverse optical phonons,   and 0 are the high frequency and 

static dielectric constants respectively.  Here   is the damping factor. The imaginary part of the dielectric 

function leads to Frohlich modes which are studied and their behavior as a function of frequency is discussed 

extensively in the literature
9,10

. However, in the study of polariton behavior, it is required only the real part of 

)( . The polariton behavior   of the above system can be studied by the following dispersion relation   
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where c is the velocity of light in vacuum. There is a polaritonic gap between ωTo  and ωLo within which no 

electromagnetic radiation can pass through. 

The study of excitations propagating in SL produces new results. Typically the thickness of an 

individual layer lies in the range 100-5000 A.  If one constituent, material A, always has thickness d1, and the 

second, material B, always has thickness d2, one has built a periodic structure known as a SL. In this work, 

assuming alternating layers of BaTiO3 and CaTiO3 as A and B medium of thickness d1and d2 stacked along the 

z-direction. Several authors have derived the following dispersion relation for TM modes assuming the 

electromagnetic boundary conditions, namely, the electrostatic potentials and the electric displacement field 

perpendicular to each interface are continuous: 
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For the semiconductor   SL (µv = 1) consisting of alternating layers of materials A and B. Here L = d1 + d2 is the 

SL period and q is the component of the  wave  vector  along  the  SL axis and i2

2
22

i
c

ω
α  xk , where kx is 

the   component of the wave vector in the  X-direction  for  TM  modes. 

Results and Discussions: 

 Using the temperature coefficients   and   [8], the static dielectric constant and high frequency 

dielectric constants are determined at various temperatures. It is found that the values of dielectric constant 

increases with temperature. Similarly the transverse and longitudinal optical phonon frequencies are 

determined. Here when the temperature increases, the optical phonon frequencies decreases. In Fig.1 we have 

plotted the polariton dispesion at temperature T = 294 K assuming d1=50Åand d2=50Å. We found five  
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branches. The first   four modes are the symmetric and antisymmetric interfacial modes approaching the surface 

mode  frequencies of the BaTiO3 and CaTiO3 materials as k   However, the top most mode having 

frequency in the  range of  10
15 

cps, (which is not shown in Fig) behaves as the normal upper mode behavior of 

polariton dispersion. The frequency of this mode, however, reduces by about two orders when temperature 

increasesas shown in Fig.2.  

 

Fig.1.Polariton dispersion at temperaure T= 294 K 

 

Fig.2 .Polariton dispersion at  temperaure T=300 K 

Conclusions:  

The dielectric constant of Bulk materials like CaTiO3 & BaTiO3 are analysed. It is found that the 

dielectric constant increases with temperature while the optical phonon frequency decreases. The polariton 

dispersion is found to be as usual with other ferroelectric materials. The phonon polarition dispersion of  

Dielectric-Ferroelectric  (CaTiO3/ BaTiO3) superlattice  at various temperatures is also studied. The dispersion 

is shifted to lower values with increase of temperature. 
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