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Abstract: Barium Strontium Titanate (BaxSr1-xTiO3) thin films have been fabricated for mole fraction 

(x= 0.000; 0.125; 0.250; 0.375; 0.500) on p-type silicon (100) substrate using Chemical Solution 

Deposition (CSD) method and spin coating technique. The film annealed at 850 ∘C for 8 hours with an 

increasing rate of 1.67 ∘C/minute. The BST thin film was characterized using an LCR meter that the 

film is given a different light intensity (0 lux, 4000 lux, 8000 lux). Data obtained from the LCR meter 

is conductance, capacitance, and impedance. Different mole fractions on Barium produce different 

electrical properties that show the value of electric conductivity, dielectric constant, impedance, and 

diffusion coefficient. 
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1. Introduction 

In recent years, increasing attention has been paid to the synthesis and characterization 

of barium strontium titanate (BST) because its uniqueness lies in its mole fraction, which can 

be varied and cause new chemical and physical properties. Partial substitution of Ba ions in 

pure BaxSr1-xTiO3 strongly affects the ferroelectric-paraelectric phase transition temperature 

[1]. BST as a ferroelectric material has various technical advantages such as chemical stability, 

high permittivity, high dielectric constant, good thermal stability, and high tunability [2–7].  

BST thin film is found in the perovskite family with general formula ABO3, which is 

the compositional modification in solid solution, substitution, and/or dopants. The addition of 

Ba atoms to the SrTiO3 lattice substitutes the Sr atoms, influencing the crystalline structure and 

its properties6. Variation of BST mole fraction made is SrTiO3, Ba0,125Sr0,875TiO3; 

Ba0,25Sr0,75TiO3; Ba0,375Sr0,625TiO3; and Ba0,5Sr0,5TiO3. Many techniques can be applied to 
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prepare BST  thin film, one of that is chemical solution deposition [3,8–16]. BST data retrieval 

is done using an LCRmeter to get the impedance, capacitance, and conductance data of BST 

measured with 3 variations, in dark conditions (0 lux) and light conditions (4000 lux and 8000 

lux). 

2. Materials and Methods 

In the substrate preparation, the p-type silicon (100) substrate was cut to form a 

rectangle with a size of 1 cm2 then washed using double distilled water [11,12,17–20]. The 

materials used in the synthesis of BST with different Ba ratio (x = 0.000; 0.125; 0.250; 0.375; 

0.500) were barium acetate [Ba(CH3COO)2, 99%], strontium acetate [Sr(CH3COO)2, 99%], 

titanium isopropoxide [Ti(C12O4H28), 99.999%], The chemicals were calculated and weighed, 

corresponding to the stoichiometrical composition of BaxSr1−xTiO3. This material is dissolved 

with acetic acid [CH3COOH, 100%] and ethylene glycol [C2H6O2]. All of the materials are 

dissolved with a magnetic stirrer at a speed of 240 rpm. Thin-film BST was overgrown above 

the p-type silicon substrate with a spin coating technique at 8000 rpm for 30 seconds repeated 

3 times. Then, BST films were annealed at 850 0C in the furnace model VulcanTM with an 

increasing rate of 1.67 0C for 8 hours [14,20–28]. 

 

After that, a thin film is prepared to make an MFS layer. 2 holes in the BST part and 2 

holes in the silicon substrate part will be made in contact, the remaining part will be covered 

with aluminum foil. Making contacts aims to install cables that can be used for characterization 

using LCR. Each cable is attached to each hole using silver paste [26,29,30].  

3. Results and Discussion 

The characterization was carried out under 3 different conditions, in the darkroom (0 

lux), with lights 4000 lux and 8000 lux. Characterization using LCRmeter produces the value 

of conductance, capacitance, impedance, etc. The value of conductance can be used to calculate 

the electric conductivity. Electrical conductivity is represented by σ and is defined as the 

inverse of the resistivity as shown in equations 1, 2, 3 [12,15,28,31–37]. 

σ = 
1

𝜌
       (1) 

ρ = 
𝑅𝐴

𝑙
       (2) 

1

𝑅
 = G        (3) 

The value of conductance can be used to calculate electric conductivity by equation 4. 

σ = 
𝐺𝑙

𝐴
       (4) 

where G is conductance obtained from the LCR meter. 

The electric conductivity of BaxSr1-xTiO3 thin films under LCR characterization is 

shown in Figure 1. 

Figure 1 shows that the electric conductivity tends to increase with increasing 

frequency. The various mole fraction produces various electric conductivity. Electric 

conductivity is also greater when it is given the greater intensity of light. This is due to the 

valence band to conduction band electrical conductivity increase. More electrons are excited 

into the conduction band due to irradiated light that causes the current to rise [10,20,32]. 
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    (a)     (b) 

  

    (c)     (d) 

 
(e) 

Figure 1/ Electric conductivity as a function of frequency for various mole fraction of BST: (a) x= 0.000; (b) x= 

0.125; (c) x= 0.250; (d) x= 0.375; (e) x= 0.500. 

Thus, the amount of light intensity indicates the energy given to films so that the light 

intensity will vary directly with electric conductivity.  

The capacitance (C) was measured on  the LCR meter used to get the dielectric constant 

(ε) that calculated using equation [1,12,37–40]: 

ε = 
𝐶𝑑

𝜀0𝐴
      (5) 

where 𝜀0is the permittivity of free space8.85 x 10-12 F/m), A is the electrodes' area, and d is 

the sample's thickness. 

The graphs below show the relationship between the dielectric constant and the 

frequencies that tend to be inversely proportional. Variation of the mole fraction produces 

different dielectric constant graphs. The dielectric constant's value tends to go up from the mole 

fraction from 0 to 0.25 and down to the mole fraction from 0.375 to 0.5. 
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The dielectric constant of BaxSr1-xTiO3 thin films from LCR characterization is shown 

in Figure 2. 

  
(a) (b) 

  
(c) (d) 

 
(e) 

Figure 2. Dielctric constant as a function of frequency for various mole fraction of BST: (a) x= 0.000; (b) x= 

0.125; (c) x= 0.250; (d) x= 0.375; (e) x= 0.500. 

The electric conductivity obtained from Eq. 4 can be used to calculate the diffusion 

coefficient by the equation below [12,32,41]: 

D = k 
𝐾𝑇

𝐶𝑞2
 σ      (6) 

σ is the electrical conductivity, C and q is the charge of the concentration and imperfections, k 

depends on the kinds of imperfections; k = 1 for the interstitial ion, k and T are the Boltzmann 

constant and temperature. 

https://doi.org/10.33263/BRIAC116.1495614963
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC116.1495614963  

 https://biointerfaceresearch.com/  14960 

The diffusion coefficient of BaxSr1-xTiO3 thin films from LCR characterization is 

shown in Figure 3. 

Figure 3 shows that the diffusion coefficient tends to increase with increasing 

frequency. That is because the diffusion coefficient depends on the electric conductivity value, 

which is directly proportional to the frequency, and that also causes this figure to have the same 

pattern as Figure 1. 

  

(a) (b) 

  
(c) (d) 

 
(e) 

Figure 3. Diffusion coefficient as a function of frequency for various mole fraction of BST: (a) x= 0.000; (b) x= 

0.125; (c) x= 0.250; (d) x= 0.375; (e) x= 0.500. 
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4. Conclusions 

 Has succeeded in making thin films based on thin film BaxSr1-xTiO3 (x = 0.000; 0.125; 

0.250; 0.375; 0.500) with the effect of photoconductive mole fraction and its characterization 

on electrical properties and diffusivity coefficient. 
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