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Abstract: This paper discusses the effect of different Strontium 

content on the transition of Barium Strontium Titanate solid 

solutions. Doping of ceramics is one way to enhance the electrical 

properties. BST, PZT and other ferroelectrics of interest are 

already studied and considered for random access memories. 

Shifting of curie temperature is related to the strontium content 

in the BST ceramic [1]. Samples were prepared for x =  0.10, 

0.15, 0.20 and 0.22. Solid state reaction method is used for 

preparing different compositions. Pellets with diameter 8 mm 

using dia piston were prepared. For these pellets, the dielectric 

properties were observed between room temperature and 126 oC, 

for different Sr content. X-Ray powder diffraction study shows 

the structural and crystal symmetry for different strontium 

content. Transition of curie point, towards room temperature is 

observed with increasing strontium content. Low and fairly 

constant dielectric loss, near room temperature is observed, 

which is suitable for dynamic random access memory (DRAM) 

cell. Furthermore, composition dependent dielectric conductivity 

plot shows different region of conduction process. Study shows 

BST ceramics, with increasing Sr content are very important 

candidate for a wide range of applications. 

Keywords: Barium Strontium Titanate, Electrical properties, 

Ceramics, Ferroelectric transitions, Solid state reaction. 

I. INTRODUCTION 

erroelectric materials of BaTiO3-based solid solutions 

with perovskite structure are primarily utilized in the 

electronic industry [2, 3]. There are several other important 

ferroelectric materials which were studied such as PbTiO3, 

SrBiTaO3, Pb(MgNb)O3 and BaTiO3, which is the origin of 

(BaSr)TiO3 [4]. BST is a material with high degree of 

crystallinity, high dielectric constant, high charge storage 

capacity and low leakage current at curie’s temperature [5, 6]. 

In particular, BST ceramics are considered most suitable 

dielectric material for high density capacitors in DRAMs [7, 

8]. Most of the microwave application requires material with 

low dielectric loss and dependence on temperature, of the 

dielectric constant. It is already reported that BST material 

exhibit high dielectric loss in microwave range. For the BaO-

SrO-TiO2 system, a 50% medium line in the phase diagram 

shows the unlimited solubility between BaTiO3 and SrTiO3 

[1]. Therefore different Sr content BST materials are required 

to be investigated. The transition temperature of BaTiO3 is 

120 
o
C [9]. It is reported that the doping of strontium in 

BaTiO3 ceramic has a great effect on the transition 

temperature [1]. When strontium atoms were introduced to A 

site in perovskite barium titanate matrix to replace barium 

atoms, the phase transition temperature of paraelectric to 

ferroelectric decreases. The curie temperature of BST can be 

varied for different strontium contents, that changes, the phase 

of the BST ceramics [10]. It is observed that, size of Ba and Sr 

also have major impact on the electrical properties of  BST 

ceramic [1, 11]. So many methods have been focused on the 

processing methods as precipitation [12], sol-gel [13, 14], 

hydro thermal [15] and conventional methods.  

II. EXPERIMENTAL 

Barium Carbonate (BaCO3) and Strontium Carbonate 

(Sr2CO3) were taken in the molar ratio 1-x : x, milled with 

Titanium Dioxide (TiO2), where Sr content is varied for x= 

0.1 to x=0.22. Conventional solid state reaction method was 

used to prepare different compositions. Reagent grade barium 

carbonate, strontium carbonate and Titanate of high purity 

99.0% were used as starting materials. The raw material was 

dried at 150
 o

C for one hour, weighed in stoichiometric 

proportions, manual grinding in acetone for 2 hr (wet), 4 hr 

(dry), and then calcinated at 1000 
o
C for 4 hr. After 

calcinations the obtained powder was taken for XRD analysis. 

XRD analysis was obtained for intensity versus angle (2θ, in 

the range between 20
 
to 70). Pellets were prepared at a 

pressure of 2GPascal, with diameter 8 mm dia piston. These 

pellets were sintered at temperature 1250
 o

C for 4 hrs. 

Sintered pellets were crushed into powder and again the 

crystalline orientation was measured by X-ray diffraction 

(XRD), on a X-Pert PANalytical diffractometer using a fixed 

divergence1/2
o 

slit, a Cu W/Si mirror , a solar slit and a 10 

mm mask as incident optics and a parallel plate collimator, a 

solar slit and a proportional detector as  diffracted beam  

optics. The result from the machine indicates that only pure 

perovskite structure exists for all BST ceramics with different 

Sr content. Sintered pellet was coated both side, with silver 

paste. The coated pellet was dried for 2 hr at room 

temperature (25
 o

C).  A computer controlled system, including 

RCL meter (make: Fluke, model: PM6306) was used to 

measure temperature and frequency dependence of dielectric 

properties. Both low frequency (1 KHz) and high frequency 

F 
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(1MHz) dielectric measurement were performed using this 

programmable RCL meter. 

III. RESULTS AND DISCUSSIONS 

XRD ANALYSIS 

Crystallinity determined using a X-RAY diffractometer 

(XPERT-PRO, PW40) with a CuKα radiation source 

(λ=1.54059 A
O
), operated at a voltage of 45kV and a current 

of 40 mA. XRD patterns of  BST for Sr content x = 0.10, 

0.15, 0.20 and 0.22 are shown in Fig. 1. It can be observed 

from the figure that, the diffraction peaks are ( 1 0 1 ), ( 1 1 1 

), ( 0 0 2 ) and ( 2 1 1) within the 2θ range from 20
o
 to 66

o. 
 As 

depicted in figure 1, the θ/2θ X-ray diagram shows that the 

deposited BST ceramics is crystalline in perovskite phase. The 

pattern for all Sr content x=0.10, 0.15, 0.20 and 0.22 is 

crystalline in nature and well oriented. The crystal structure 

exhibits tetragonal symmetry for all Sr content, that are under 

observation [16]. In all of them a single phase perovskite solid 

solutions, is observed.  
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Fig. 1.  XRD pattern for different strontium content (x = 0.10, 0.15, 0.20 and 
0.22) 

Table - 1 

Lattice parameter of BST ceramics, for Sr content (x = 

0.10, 0.15, 0.20 and 0.22). 

              Sample  a( Ao ) c (Ao) c/a        Structure phase 

 

BST x = 0.10 3.9932 3.9996 1.001 Tetragonal 

BST x = 0.15 3.9390 3.9780 1.009 Tetragonal 

BST x = 0.20 3.9937 4.0034 1.002 Tetragonal 

BST x = 0.22 3.9825 3.9504 1.008 Tetragonal 

 

Table-1 depicts that the c/a ratio is larger than 1(the c-axis 

lattice constant is larger than the a-axis lattice constant). The 

analysis indicates that the crystalline structure is tetragonal at 

room temperature for different Sr contents (x = 0.10, 0.15, 

0.20 and 0.22). Fig. 2(a) indicates that c/a ratio is changing 

with the composition. The change in the c/a ratio have a direct 

effect on dielectric constant value. 
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          (b) 
Fig.  2. Variation of (a) c/a and (b) dielectric conductivity  versus composition 

for different content at room temperature 

ELECTRICAL MEASUREMENTS 

Fig. 2(b) is the observation for variation of dielectric 

conductivity for different Sr content, for frequency 1MHz, at 

room temperature.  In order to characterize the hooping 

dynamics of the charge carrier/ions, the frequency dependent 

conductivity is observed as shown in Figure 3. Conductivity is 

usually calculated by the relation given below [17]. 
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Where
 
εo is the permittivity of free space, tanδ is dielectric 

loss and ω = 2πf, f is the applied frequency. It is observed that 

at lower frequencies the conductivity is frequency 

independent.  In the mid region the conductivity varies 

linearly with the frequency. The conduction behavior is 

related to translational hooping motion [18, 19]. At higher 

frequency also conductivity increases linearly with frequency. 

Which indicate that the conduction mechanism in high 

frequency range related to the well-localized hooping motion 

[18, 19].  
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Fig. 3. Conductivity (ζ) as a function of frequency for different Sr content at 

room temperature 

Fig. 4 shows the dielectric constant curve with temperature 

from 40
 o

C to 140
 o

C, for different Strontium contents.  It is 

observed that the curie temperature is shifted towards the 

room temperature as the strontium content is increased as  x = 

0.10, 0.15, 0.20 and 0.22 (Table 2). This is an important  

behavior of BST ceramic which makes its utilization near 

room temperature. Sensors for  applications, where the 

thermal energy and other parameters are varying near room 

temperature,  can be developed. 

Table 2 

Transition of curie temperature for different Sr content 

Sample         Curie Temp. (oC) єr        Peak value             Room 

 

BST x = 0.10 112  728  378 

BST x = 0.15 94  338  225 

BST x = 0.20 86  790  680 

BST x = 0.22 78  522  437 

 

   Fig. 5 indicates the loss tangent for different compositions in 

the temperature range 40
 o

C to 126
 o

C. It is observed that, near 

room temperature the loss tangent is minimum for x = 0.22. 

This implies that the leakage current will be small, that can 

enhance its application in memory applications. The dielectric 

loss decreases with the strontium content, which increase the 

stability of the BST ceramic. 

 

(a)                         

 

 

(b) 

Fig.4. Dielectric Constant with Temperature for different (a) frequency and 
(b) compositions     
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Fig. 5. Dielectric loss with temperature for different compositions 
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 Fig. 6 shows the dielectric constant value for different 

strontium compositions from low frequency (1 KHz) to high 

frequency (1 MHz) range. It is observed that the dielectric 

constant remains nearly constant for entire frequency range. 

Fig. 7 shows the loss tangent variation for different strontium 

composition in the low frequency (1 KHz) to high frequency 

(1 MHz) range. It is evident from the figure that at lower 

frequency for all compositions the loss tangent is higher but at 

higher frequency range the loss tangent is small. From all the 

observations it is observed that the increased strontium 

content makes BST a promising ceramic candidate, near room 

temperature for various applications.  
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Fig. 6. Dielectric Constant with Frequency for  different compositions 
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Fig. 7. Dielectric loss with frequency for different compositions 

IV. CONCLUSION 

 Perovskite-type Ba1-xSrxTiO3 ceramics with different 

x values (x = 0.10, 0.15, 0.20 and 0.22) have been prepared 

using solid state reaction method from raw materials. XRD 

patterns for all Sr content x = 0.10, 0.15, 0.20 and 0.22 are 

found crystalline in nature and well oriented. The crystal 

structure exhibits tetragonal symmetry for all Sr content. In all 

structure a single phase perovskite solid solutions, is 

observed. Electrical measurement confirms the transition of 

curie temperature towards room temperature for increasing Sr 

content. Curie temperature near room temperature makes BST 

a promising candidate for sensor application.  Ba1-xSrxTiO3 

material with Sr content x = 0.22, indicates low and nearly 

constant loss tangent near room temperature, which makes it 

suitable for many applications.  

REFERENCES 

[1]. A. Loachim, M.I. Toacsan, M.G. Banciu, L. Nedelcu, A. Dutu, S. 
Antohe, C. Berbecaru, L. Georgescu, G. Stoica, H.V. Alexandra , 

“Transitions of barium strontium titanate ferroelectric ceramics for 

different strontium content”, Thin Solid Films, vol.  515, pp. 
6289–6293, 2007 

[2]. C. Pitham, D.Hennings, R. Waster, “Progress in the Synthesis of 

Nanocrystalline BaTiO3 Powders for MLCC”, Int. J. Appl. 
Ceram. Technol., vol. 2, pp. 1-14, 2005 

[3]. R. W. Whatmore, “Pyroelectric Arrays: Ceramics and Thin 

Films”, J. Electroceram. Vol. 13, pp. 139-147, 2004 
[4]. J. W. Kim, T. Osumi, M. Mastuoka et al., “ Preparation and 

Characterization of Ba(Zrx Ti1-x )O3 Thin Films Using Reactive 

Sputtering Method” Japanese Journal of Applied Physics, vol. 51, 
pp. 1–5, 2012 

[5]. A. Ioachim, M. I. Toacsan, L. Nedelcu et al., “Enhancement of 

Photon Absorption on Ba𝑥Sr1−𝑥TiO3 Thin-Film Semiconductor 
Using Photonic Crystal”, Romanian Journalof Information Science 

and Technology, vol. 10, pp. 347–354, 2007 
[6]. F. M. Pontes, E. R. Leite, D. S. L. Pontes et al.,  “Ferroelectric and 

optical properties of Ba 0.8 Sr 0.2 TiO 3 thin film” Journal of 
Applied Physics, vol. 91, no. 9, pp. 5972–5978, 2002 

[7]. M.T. Danielle, C.K. Lisa, “Preparation and Characterization of 

BaxSr1-x, TiO3Thin Films by a Sol-Gel Technique’, J. Am. Ceram. 
Soc., vol. 79(6), pp. 1593-1598, 1996 

[8]. L. H. Parker, A. F.Tasch, “Ferroelectric materials for 64 Mb and 

256 Mb DRAMs”,  IEEE Circuits and Device Magazine, vol. 6, 
pp. 17 – 26, 1990. 

[9]. Heywang.W., “Bariumtitanat Als Sperrschichthalbleiter*”, Solid-  

State Electronics Pergamon Press, vol. 3, pp. 51-58, 1961 
[10]. Y. Guo, L. Huang, and A. L. Porter, “The research profiling 

method   applied to nano-enhanced, thin-film solar cells,” R & D 

Management, vol. 40, no. 2, pp. 195–208, 2010. 
[11]. T. V. Torchynska and G. Polupan, “High efficiency solar cell for        

space applications,”    Superficies y Vacío, vol. 17, pp. 21–25, 

2004 
[12]. I. Selvam, V. Kumar, “ Synthesis of nanopowders of (Ba1-   

xSrx)TiO3”,  Mater. Lett., vol. 56, pp. 1089-1092, 2002 

[13]. C. Shen, Q.F. Liu, Q.Liu, “ Sol-grl synthesis and spark plasma 
sintering of Ba0.5Sr0.5TiO3”,  Mater. Lett. vol. 58, pp. 2302, 2004  

[14]. C. Mao, X. Dong, T. Zeng, H. Chen, F.  Cao,  “Determination of 

A.C. Conductivity of Nano-Composite Perovskite Ba(1- x - 
y)Sr(x)TiFe(y)O3  Prepared by the Sol-Gel Technique” Ceram. 

Int., vol. 34, pp. 45, 2008 

[15]. B. Gersten, M. Lencka, R. Riman, “Low-Temperature 
Hydrothermal Synthesis of Phase-Pure (Ba,Sr)TiO3 Perovskite 

using EDTA” ,  J. Am. Ceram. Soc., vol. 87 (11), pp. 2025–2032, 

2004 
[16]. R.S. Liu a,), Y.C. Cheng a , J.M. Chen b , R.G. Liu b , J.L. Wang c 

, J.C. Tsai c , M.Y. Hsu c, “Crystal and electronic structures of Ba, 

Sr TiO ž / 3”, Materials Letters, vol. 37, pp. 285–289, 1998 

http://www.scirp.org/(S(i43dyn45teexjx455qlt3d2q))/journal/PaperInformation.aspx?PaperID=17019
http://www.scirp.org/(S(i43dyn45teexjx455qlt3d2q))/journal/PaperInformation.aspx?PaperID=17019
http://www.scirp.org/(S(i43dyn45teexjx455qlt3d2q))/journal/PaperInformation.aspx?PaperID=17019


International Journal of Latest Technology in Engineering, Management & Applied Science (IJLTEMAS) 

Volume VI, Issue VI, June 2017 | ISSN 2278-2540 

 

www.ijltemas.in Page 79 
 

[17]. Vijendra Lingwal, B. S. Semwal and N. S. Panwar, “Dielectric 

Properties of Na1-XKxNbO3 in Orthorhombic Phase”,  Butt. 
Mater. Sci., vol. 26(6) pp. 619, 2003 

[18]. S. Mahboob, G. Prasad, G. S. Kumar, “Impedance and a.c. 

conductivity studies on Ba(Nd0.2Ti0.6Nb0.2)O3 ceramic prepared 

through conventional and microwave sintering route”, Bull. Mater. 

Sci., vol. 29, pp. 347-355, 2006 
[19]. A. A. Ahmed, Youssef, Z. Naturforsch. “The Permittivity and AC 

Conductivity of the Layered Perovskite [(CH3)(C6H5)3P]2HgI4” 

vol. 57a,  pp.  263 – 269, 2002 

 


