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Abstract-The current study explores the dielectric and 

ferroelectric properties of pulsed laser deposited (Ba1-x,Srx)TiO3, 

Ba(Zrx,Ti1-x)O3 and [(Ba1-x,Srx), (Zry,Ti1-y)] O3 thin films deposited 

on LaNiO3 bottom electrode. The crystallographic study of these 

films done using XRD reveals that these films were crystalline in 

nature having (110) preferred orientation. An improved 

crystallite structure with intense (110) reflection was observed for 

BSZT/LNO/Si thin film. The atomic force micrographs indicate 

that BST, BZT and BSZT thin films have different grain 

distributions and grain sizes and is in consistence with XRD 

results. The high value of remnant polarization (Pr) and low 

value of coercive field (Ec) of BSZT thin film shows that it can be 

used in memory devices. In addition, excellent dielectric 

properties with high dielectric constant were observed for the 

BSZT capacitor. A highest tunability of 68% was measured at a 

frequency of 1 MHz could be achieved for BZST thin film, 

showing that BSZT would be suitable candidate for tunable 

devices.  
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I. INTRODUCTION 

The continuing drive towards greater miniaturization of 

electronic components has led to the development of thin 

film materials for a wide variety of applications, and among 

these are the thin film ferroelectrics.  Barium titanate 

(BaTiO3 or BT)-based materials have been widely studied 

because of their fascinating properties like high dielectric, 

piezo-electric and pyro-electric coefficients. Due to these 

properties, BT is used in a number of applications such as 

ceramic capacitors, microwave tunable devices dynamic 

random access memory (DRAM) devices, and infrared 

detectors, etc [1-3].  

In order to improve the working of these BT based 

devices, suitable impurities are added modify the properties 

of pure BT. Usually, for ABO3 perovskite, substituting A 

and/or B sites by other ions can modify the dielectric 

behaviour of the material. The addition of Sr ion into Ba site 

of barium titanate [BST] can shift the Curie transition (Tc) 

of BT to a lower temperature [4]. Lowering of Tc increases 

the room temperature dielectric constant of the material. 

BST has a nonlinear response to the electric field thus make 

it much suitable for switching purpose and for infrared 

sensors [5-6].  
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Recently, great attention has been focused on a B-site 

doped BaTiO3 perovskite, Ba(ZrxTi1−x)O3, where the 

substitution of Zr of larger ionic radius into Ti-sites of 

smaller ionic radius takes place. It is a solid solution of 

barium titanate (BaTiO3) and barium zirconate (BaZrO3) 

and shows a lot of analogies to BST solid solution. The Zr4+ 

ion is chemically more stable than the Ti4+ therefore, the 

substitution of Ti with Zr would depress the conduction by 

electronic hopping between Ti4+ and Ti3+ thus maintains a 

low leakage current [7-9]. It is reported that an increase in 

the Zr content induces a reduction in the average grain size 

[10], this is possible because, Zr4+ ion has lager ionic size 

(0.087 nm) than Ti4+ (0.068 nm). Zr /Ti ratio is very 

important in BZT system and a 0.20/0.80 mole fraction is 

known to show very good bulk properties [11]. It is 

interesting to note that the BZT system exhibits a pinched 

phase transition at x= 0.20; i.e., all the three phase 

transitions corresponding to pure BaTiO3 are merged or 

pinched into one broad peak, and further increase in Zr 

concentration would result in a typical ferroelectric relaxor 

behaviour [12]. BSZT is a solid solution of BaTiO3 and 

SrZrO3, therefore, it is expected that the additives of Sr and 

Zr to BaTiO3 have the effect of both materials. The bottom 

electrode plays an important role in deciding the quality of 

thin films & also in determining the performance of thin 

film capacitors. LaNiO3 has been chosen as a bottom 

electrode as it has same crystal structure and similar lattice 

parameter as that of most of the pervoskite type ferroelectric 

materials like BST, BZT & BSZT, thus reduces the atomic 

dislocation and the lattice stain between the interface and 

improves electrical performances [13-17], also a good 

quality thin film is expected to grow on the top of bottom 

electrode  

 

Table 1: Temperatures at which sintering and calcination 

were done  for BST, BZT and BSZT targets 
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Table 2: Different PLD processing parameters at which 

BZT,BST and BSZT thin films were grown i.e LNO. 

 
Moreover LNO is conductive metal oxide having low value 

of resistivity, excellent diffusion properties and have good 

thermal stability [18].   

II. EXPRIMENTAL DETAILS 

The dense ceramic targets of (Ba0.5Sr0.5)TiO3 [BST], 

Ba(Zr0.2Ti0.8)O3 [BZT], (Ba0.5,Sr0.5)(Zr0.2 Ti0.8)O3 [BSZT] & 

LaNiO3 [LNO] was prepared by conventional solid state 

reaction method using BaCO3(99.99%), SrCO3(99.9%), 

ZrO2(99.9%), TiO2(99.9%), La2O3(99.9%) and Ni2O3(99.9%) 

powders. The sintering and calcination of these targets were 

done at different temperatures which are shown in table 1. 

The thin films were deposited using PLD at a laser repetition 

rate of 10 Hz substrate frequency of 5 Hz and at a laser 

energy of 250mJ. The vacuum chamber was first pumped 

down to a background pressure of 2×10-5 Torr. Oxygen was 

then introduced as an active gas for the deposition of BZT & 

LNO oxide thin films. The target to substrate distance was 

kept fixed at 3.5 cm. LNO which serves as a bottom electrode 

for our thin film capacitors was deposited at 700oC substrate 

temperature and 100mTorr oxygen partial pressure. The LNO 

thin film shows (110) preferred orientation and a resistance of 

50 ohm at these conditions. After the deposition of LNO 

stoichiometric thin films BST, BZT & BZST were 

subsequently deposited at a 700oC substrate temperature and 

200mTorr oxygen partial pressure. The PLD parameters at 

which thin films of LNO, BST, BZT and BSZT were grown 

is shown in table 2. 

Crystallographic structure of dielectric films were studied 

using XRD (burker D8 discover) equipped with CuKα 

radiation. The surface morphology of these films were 

analyzed by field emission scanning electron microscope 

(FE-SEM). For measuring the dielectric & ferroelectric 

properties, silver (Ag) top electrode were sputter deposited 

onto the ferroelectric films through a shadow mask of 0.5mm 

diameter. The 4394A precision impedence analyzer was used 

to measure the frequency dispersion relation of dielectric 

constant in the range of 1 kHz to 1MHz & also for measuring 

the DC response of dielectric constant for these films. The 

ferroelectric loops were studied using radiant precision work 

station at an electric field range of +300kV/cm to -300kV/ 

cm.  

III. RESULTS AND DISCUSSION 

A. Structural properties 

Fig (1) shows the XRD pattern of BST, BZT and BZST thin 

films grown over LNO coated Si substrate. It is evident that 

films are crystalline in nature having (110) preferred 

orientation. The inset of figure shows the slight shift of (110) 

plane. The angle shifts towards higher side in case of BST 

Table 3: Different parameters calculated using XRD and FE-

SEM 

 
on addition of Sr ion. The constriction of pervoskite lattice is 

related to the fact that the ionic radii of Sr2+ is smaller than 

Ba2+ ion.  

 
Figure 1: XRD Pattern of  BZT,BST and BSZT 

Substitution of Ti by Zr leads to the expansion of perovskite 

lattice in BaTiO3 thin film which is related to the fact the 

ionic radius of Zr4+ is greater than that of Ti4+. Table 3 shows 

the lattice parameters, crystallite size and FWHM calculated 

form X- ray diffraction data.  

 
Figure 2: Surface morphology of lead free ferroelectric thin 

films studied using FE-SEM 
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The lattice parameters of BST, BZT and BSZT shown in 

table 3 are in agreement with the facts that addition of Sr ion 

shrinks the original BaTiO3 lattice and addition of Zr ion 

expands the BT lattice. The (110) peak of BSZT lies in 

between the (110) peak of BST & BZT  which is due to the 

fact that BSZT is a mixture of both BZT & BST. Surface 

morphology of these films have been studied using FE-SEM 

(fig 2).  

FE-SEM images are in agreement with our XRD data and 

shows that grain size of BSZT thin film is  larger than BST 

and BZT thin films. The grain size of BaTiO3 lattice 

decreases with the addition of Zr ion which is due to slow 

diffusion of the Zr4+ ion, which has bigger ionic radii than 

Ti4+. The addition of Sr2+ ion increases the grain size. The 

larger grain size is attributed to more rapidly diffused Sr2+ 

ion which has smaller ionic radii than Ba2+. The increase in 

Sr2+ concentration above some value leads to the problem of 

densification which further degrades the grain growth.      

B. Ferroelectric properties 

The ferroelectric nature of BST, BZT and BSZT thin 

films deposited on LNO has been confirmed from the 

polarization hysteresis measurements done at room 

temperature for an electric field of ± 300 kV/cm as shown in 

fig (3).  

 
Figure 3: P-E loops of BZT,BST,BZST thin film 

 

Table 4: Different parameters calculated from dielectric 

properties and P-E loops  

 
The measured values of saturation and remanent 

polarization of different thin films has been listed in table 

(3). BSZT is found to have best ferroelectric properties, it is 

due to the dependence of ferroelectric properties on the 

grain size. It is well known that ferroelectric properties are 

determined mainly by the ferroelectric domain structure, 

domain nucleation and domain mobility and the domain 

structure and domain mobility are related to grain sizes [19].  

The films with small grain sizes experience more 

suppression of ferroelectric character under an applied 

external field by grain boundary effects which produce 

hindrance of polarization switching. So reversal polarization 

process of a ferroelectric domain is much easier inside a 

large grain than in a small grain. The non-saturation 

behavior in hysteresis characteristics may arise from several 

sources, including residual stress in the films, presence of 

depolarizing fields and the domination of conduction over 

polarization switching currents [20]. The asymmetric 

behaviour in the films can be induced by various factors 

such as defect, charges present in the ferroelectric material 

or due to different work functions of the top and bottom 

electrodes [21].  

C. Dielectric properties 

Fig. (4) shows the frequency dispersion relation of 

dielectric constant in the range from 1 kHz to 1 MHz for 

BST, BZT and BSZT thin films capacitor deposited on LNO 

bottom electrode. It is noted that for all samples, there is a 

decrease in the dielectric constant with increasing 

frequency, which is a typical characteristic of normal 

dielectric. The fall in dielectric constant arises from the fact 

that the polarization does not occur instantaneously with the 

application of the electric field as charges possess inertia.  

The delay in the response towards the impressed 

alternating electric field leads to loss and hence decline in 

dielectric constant. A lowest dielectric constant was 

obtained for the BST thin film this can be attributed to the 

increased number of grain boundaries due to smaller grain 

sizes. The greater amount of grain boundaries lead to the 

lower polarization intensity and therefore contribute to the 

lower dielectric constant [22]. The electric field dependence 

of relative permittivity of the BST, BZT and BSZT thin 

films were characterized at room temperature.  

 
Figure 4: Dielectric constant and dielectric loss variation 

of BZT,BST,BSZT thin films with frequency 
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Figure 5: Electric Field dependence of dielectric constant 

and dielectric loss 

Fig. (5) shows the typical relative permittivity-surface 

electric field (ε-E) characteristics of the BST, BZT and 

BSZT thin films. The ε-E curves were measured at a 

frequency of 1 MHz. The mechanism of the relationship 

between relative permittivity and external dc bias field is not 

clear yet. The ε-E dependence of the ferroelectric materials 

(when in the paraelectric state) is generally found to follow 

Johnson's formula as expressed [22].  

𝜀𝑟(𝑇, 𝐸) =
𝜀𝑟(𝑇,0)

{1+[𝜀0𝜀𝑟(𝑇,0)]
3𝐵(𝑇)𝐸2}1/3

                                 (1) 

where εr(T,0) and εo are the relative permittivity and 

vacuum permittivity, respectively, and B(T) is a 

phenomenological constant, which provides information on 

the degree of an harmonic contributions of the polarization 

to the Helmholtz free energy. However, for thin films in 

ferroelectric state, in addition to a background contribution 

coming from the intrinsic behavior, it was found that a polar 

cluster contribution (Langevin-type polar cluster 

contribution) term should be taken into account. Thus, the 

dc bias dependence of relative permittivity should be 

described with a modified Devonshire relation including a 

term of local polar clusters or regions [23], the so-called 

multipolarization mechanism model proposed by Chen et al 

[24].  

𝜀𝑟(𝑇, 𝐸) =
𝜀𝑟(𝑇,0)

{1+[𝜀0𝜀𝑟(𝑇,0)]
3𝐵(𝑇)𝐸2}1/3

+ (
𝑃𝑟𝜒

𝜀0
) [cosh⁡(𝐸𝜒)]−2   

(2)      

Where χ=
𝑃𝑟𝐿

3

2𝑘𝑏𝑇
 with the cluster polarization Pr and size L, kb 

is the Boltzmann's constant. The first term on the right hand 

side of Eq. (2) is in fact the Johnson's relationship, 

describing the ε-E relation in the paraelectric regime. The 

second term on the right hand side of Eq. (2) corresponds to 

the contributions from the possible polar clusters. The 

tunability K defined as 1 −
𝜀𝑟(𝐸)

𝜀𝑟(0)
  has been calculated from 

fig (5) for BST, BZT thin films. 

IV. CONCLUSION 

The BST, BZT and BSZT thin films were deposited via 

Pulsed laser deposition technique on LaNiO3-coated silicon 

substrates. The films were crystalline in nature. The addition 

of Zr to the BaTiO3 lattice decreased the particle size while 

the addition of strontium increases the grain size of BaTiO3.  

Relative permittivity of BSZT, BST and BZT was measured 

in the frequency range of 1 kHz to 1 MHz, showing that ε of 

the BSZT thin film is the highest it is due to fact that BSZT 

has larger grain size than BST and BZST. Tunability of 68% 

at Emax=±300 kV/cm was achieved in BSZT thin film. The 

high dielectric constant, low loss tangent and high tunability 

of BSZT thin films at room temperature, indicates that these 

are promising for tunable capacitor application 
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