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A r t i c l e  I n f o  ABSTRACT 
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Aerosol-assisted chemical vapor deposition (AACVD) technique is very precise and 

implemented for the fabrication of structured SrTiO3 and Sr1-xBxTiO3 thin films at doping ratio 

(x = 2, 4, 6 and 8) % at temperature 400 °C on a glass substrate. The X-Ray Diffraction (XRD) 

patterns illustrated that the SrTiO3 and Sr1-xBxTiO3 thin films have a polycrystalline nature and 

cubic structure, the detailed characterization of the films by X-ray diffraction (XRD), the Surface 

Morphology studied by using (AFM) and (SEM). Have been noticed from AFM measurement 

the Roughness and RMS were increased with increases doping ratio. The optical properties of 

SrTiO3 and Sr1-xBxTiO3 thin films have been studied at doping ratio (x = 2, 4, 6 and 8) % at range 

(300-900) nm. The transmittance spectrum is characterized by the opposite behavior of the 

absorbance spectrum. The transmittance generally increases with an increased in the wavelength 

of radiation, at wavelengths with low energies while the absorbance decreased slowly at the 

spectrum range (300-900) nm i.e. in the visible region. The band gap (Eg) is decreased at (3.2 - 

2.5) eV which indicates that the doping process has led to the emergence of localized levels in 

the region confined by the valence and conduction bands, led to a reduction in the photon energy 

required for direct electronic transitions to occur. Found the carrier's concentration charge are 

holes of Sr1-xBxTiO3 thin films at doping ratio (x = 2, 4, 6 and 8) %. Many properties can be 

improved by adding impurities such as Boron (B) to the SrTiO3, which can be used in solar cells, 

electronic industries or thermoelectric generators by controlling the optical or structural 

properties of the material by controlling the materials and percentages of impurity, or through 

heat treatment of the material, such as annealing, for example or exposure to different 

temperatures. 
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 الخلاصة

 

و  3SrTiOالأغشية الرقيقة  حضيربدقة كبيرة لت( AACVD)الجوي  رذاذيتم تنفيذ تقنية ترسيب البخار الكيميائي بمساعدة ال

3TiOxBx-1Sr ٪ بنسبة المنشطات( 8 ,x=2, 4, 6 ) أوضحت أنماط . درجة مئوية على ركائز زجاجية 400عند درجة حرارة

لها طبيعة متعددة الكريستالات وهيكل مكعب،  3TiOxBx-1Srو  3SrTiOأن الأغشية الرقيقة ( XRD)حيود الأشعة السينية 

و (. ( AFM)، ودراسة التشكل السطحي باستخدام ( XRD)لوصف التفصيلي للأغشية عن طريق حيود الأشعة السينيةوا

(SEM .) لوحظ من قياسAFM  زيادة الخشونة وRMS  تمت دراسة الخواص البصرية للأغشية . زيادة نسبة المنشطاتمع

يتميز طيف النفاذية . نانومتر( 900-300)بمعدل ( ,x=2, 4 6  ,8) بنسبة المنشطات٪ 3TiOxBx-1Srو  3SrTiOالرقيقة 

تزداد النفاذية بشكل عام مع زيادة الطول الموجي للإشعاع، عند الأطوال الموجية ذات . بالسلوك المعاكس لطيف الامتصاصية

يتم تقليل . رئيةنانومتر، أي في المنطقة الم( 900-300)الامتصاص ببطء عند معدل الطيف الطاقات المنخفضة بينما ينخفض 

مما يشير إلى أن عملية المنشطات أدت إلى ظهور مستويات محلية في ev(2.5-3.2 ) فجوة النطاق على سبيل المثال عند 

المنطقة المحصورة بواسطة نطاقات التكافؤ والتوصيل، مما أدى إلى انخفاض طاقة الفوتون المطلوبة للإلكترونيات المباشرة 

 بنسبة المنشطات 3TiOxBx-1Srتم العثور على شحنة تركيز الحاملات عبارة عن ثقوب من الأغشية الرقيقة . حدوث انتقالات

٪( 8 ,x=2, 4, 6) ) يمكن تحسين العديد من الخصائص عن طريق إضافة بعض أنواع الشوائب مثل البورون(B ) إلى

3SrTiOلكترونية أو المولدات الكهروحرارية عن طريق التحكم ، والتي يمكن استخدامها في الخلايا الشمسية أو الصناعات الإ
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في الخصائص البصرية أو الهيكلية للمادة عن طريق التحكم في المواد والنسب المئوية من الشوائب، أو من خلال المعالجة 

 .الحرارية للمادة، مثل التلدين، على سبيل المثال أو التعرض لدرجات حرارة مختلفة

 

INTRODUCTION 
Strontium titanate (SrTiO3) is a perovskite material 

that has very important physical properties and 

depends on its chemical composition. SrTiO3 is 

semiconductor n-type with an indirect wide 

bandgap (3.2 eV). The physical properties also 

depend on some factors such as electric field, 

pressure, temperature, etc. as it has a high 

permittivity at room temperature, it has phase 

transitions from a semi-electric compound to a 

ferroelectric compound SrTiO3 can be 

superconducting at low temperatures and can be n-

type charge carriers when doped with some 

materials such as niobium or lanthanum or 

samarium [1, 2]. The thin-film SrTiO3 has the 

application of resistive random access memory 

(ReRAM) due to its possession of resistive 

switching behavior. This perovskite compound 

under low oxygen conditions has high chemical 

stability and changes into a highly conductive n-

type material either by adding impurities or by 

reducing, the material that has a high dielectric 

constant has important applications, especially in 

wireless communication technology [3–5]. SrTiO3 

has high dielectric permittivity, low microwave 

loss, low leakage current, and high breakdown 

strength, so it has wide applications in the 

electronic ceramic industries and microwaves [6]. 

Due to the distinct optical properties possessed by 

strontium oxide titanate with perovskite (SrTiO3), 

for example, we find that the optical absorption is 

affected by several factors, including the ratio of 

defects and impurities and the grain boundaries of 

the surface [7, 8]. When studying the optical 

features of SrTiO3 thin films on Si, it was found 

that due to the growing effect of the amorphous 

interlayer between the SrTiO3 film and the Si 

substrate, the refractive index decreases below the 

bandgap with lessening thickness [9]. Have been 

fabricated this films by many operations such as 

molecular beam epitaxial (MBE), Metal-Organic 

Chemical Vapor Deposition (MOCVD), pulsed 

laser deposition (PLD), ion beam sputtering, 

divergent magnetic field type electron-cyclotron-

resonance (ECR) plasma sputtering and RF 

magnetron sputtering [10]. SrTiO3 has been used in 

the optical field as grain boundary barrier layer 

capacitors, laser frequency multiplexing, catalytic 

doping, waveguides [11, 12]. In this paper, we have 

investigated the effects of doping ratio on the 

structural, properties and Hall effect measurement 

of SrTiO3 thin films synthesis on glass substrates 

by the AACVD technique. the perovskite material 

SrTiO3 has electrical, optical, and structural 

properties so that it is important in many 

applications such as the field of sensors, 

photodetectors, and electrothermal applications. 

MATERIALS AND METHODS 
In the following process steps: 

Using aerosol-assisted chemical vapor deposition 

(AACVD) method to deposition Strontium titanate 

SrTiO3 and Sr1-xBxTiO3 thin films were carried out 

in the process steps for each of these are as follows: 

Strontium chloride (SrCl2) was dissolved by 

distilled water and Titanium trichloride (TiCl3) was 

dissolved by ethanol, mixed, and add Boric acid 

(H3BO3) when dissolved by distilled water at 

preper Sr1-xBxTiO3 thin film In the case of doping 

with Boron and put the solution on the magnetic 

stirrer at 15 minutes. When solution became 

homogeneous and then deposited by (AACVD) 

method on the glass substrates that putted on the 

hot plate at a fixed temperature at 400 °C to prepare 

SrTiO3 thin film. The (XRD) instrument are of type 

(Shimadzu 6000) made in Japan, with the 

following specifications: 

Target: Cu Kα 

Wavelength: 1.5406 Å 

Voltage: 40 kV 

Current: 30 mA 

The Atomic Force Microscopy (AFM) (angstrom 

advance INC, SPM, AA-3000) made in USA. 

Scanning electron microscopy (SEM) is basically a 

type of electron microscope. The (SEM) study has 

been carried out by Hitachi (S-4160). The optical 

transmittance and absorbance spectrum of thin 

films of pure strontium titanium oxide (SrTiO3) and 

doped by Boron(B) were  

measured by using an Ultraviolet-Visible 

Spectrophotometer. The Specifications of this 

device Model English industry (UV-2601) 

Spectrophotometer in wavelength range between 

(200-1100) nm.  

Hall effect measurements, the HMS-3000 Hall 

Measurement System is a complete system for 

measuring the resistivity, carrier concentration, and 

mobility of semiconductors. At both 300K and 77K 



Al-Mustansiriyah Journal of Science   
ISSN: 1814-635X (print), ISSN:2521-3520 (online) Volume 33, Issue 4, 2022 DOI: http://doi.org/10.23851/mjs.v33i4.1177 

 

126 

 

Copyright © 2022 Al-Mustansiriyah Journal of Science. This work is licensed under a Creative Commons Attribution 
Noncommercial 4.0 International License.  

 

(room temperature and liquid nitrogen 

temperature). The systems can be used to 

characterize various materials including 

semiconductors and compound semiconductors (N 

Type & P Type). Simple operation and speedy data 

results, simplicity and accuracy, 5 Stage current 

ranges reduce the allowance error to a minimum. 

The deposition parameters of Strontium titanate 

thin films as shown in Table 1. 

Table 1. Deposition coefficient of Strontium titanate 

(SrTiO3) thin films 

Deposition coefficient Value 

SrCl2, TiCl3 solution concentration 

substrate 

0.1 M 

 

Temperature (°C) 400°C 

Nozzle to substrate distance 10 cm 

Solvent 
Distilled water 

and ethanol 

Deposition time 60 minutes 

Solution flow rate 1.5 ml/min 

Spray time during each cycle 5 min 

Ultrasonic frequency 1.5 M Hz 

Dimeter of the nozzle 1 Cm 

The weight is measured via an electrical balance 

sensitive four digits (10-4g). Eq. 1 was used for 

calculating the masses as shown in Table 2.  

𝑀 =
𝑊𝑡

𝑀𝑊𝑡. 𝑉
𝑋1000 (1) 

Where:𝑀: Concentration of molarities (mole/liter). 

𝑊𝑡 : Weight of mass 

𝑀𝑊𝑡: Molecular weight mass 

𝑉: Volume of distilled water (ml). 

Table 2. Weights of chemical composites of Sr1-xBxTiO3 

with difference molar ratio. 

Doping 

Ratio x 

Perovskite 

composite’s 

SrCl2 

(m.mol 

H3BO3 

(m.mol) 

TiCl3 

(m.mol) 

SrTiO3 2 0 2 

Sr0.98B0.02TiO3 1.96 0.04 2 

Sr096.B0.04TiO3 1.92 0.08 2 

Sr0.94B0.06TiO3 1.88 0.12 2 

Sr0.92B0.08TiO3 1.84 0.16 2 

RESULTS AND DISCUSSION 
Structural Properties 

 X-ray diffraction (Shimadzu-6000, Cu Kα 

radiation (λ=1.54 A) was used to determine the 

crystallographic structure of SrTiO3 and Sr1-

xBxTiO3 films prepared by the AACVD technique. 

It is can be noticed that all samples of pure SrTiO3 

and Sr1-xBxTiO3 with a doping ratio (X = 2, 4, 6 and 

0.8)% a single phase which was the cube structural, 

Space group Pm-3m with lattice constant a=3.96 

Ao, , for pure SrTiO3 corresponded to the 

crystalline planes (100), (110), (111), (200), (210) 

and (211) at reflections positions (2θ = 22.75, 

32.39, 39.95, 46.46, 52.34 and 57.78) respectively 

for Sr1-xBxTiO3 corresponded to the crystalline 

planes (100), (110), (111) and (200) at reflections 

positions (2θ=22.84,32.55,40.02 and 46.54) 

respectively, because prefer in orientation in (100), 

(110), (111) and (200) and reduced in (210) and 

(211) as following in Figure 1.  

 
Figure 1. XRD patterns of. Sr1-XBXTiO3 thin films at 

doping ratio (0.02 ≤ x ≤ 0.08). 

From Scherer formula can calculated the crystallite 

size from Eq. (2), that the Boron atoms do not 

significantly affect the crystalline structure of pure 

SrTiO3, but there was a slight decrease in the 

crystallite size with different doping ratios because 

these impurities work to force themselves in 

between the regular lattice sites, i.e. between the 

locations of the original atoms of the host crystal, 

due to the characteristics of atoms of this type of 

impurity from they have small atomic radii when 

compared to the interatomic distances for the host 

crystal [13, 14] as shown in Table 3.  

The Crystallite size 𝐷 can be calculate by Scherer 

formula Eq. 2. 

𝐷 =
𝑘𝜆

𝛽𝐷𝑐𝑜𝑠(𝜃)
 (2) 

Where: 𝑘 = 2√
𝑙𝑛(2)

𝜋
=0.94 called (Scherer's 

constant), λ is the wavelength of incident X-ray 

radiation, 𝛽𝐷 is the intrinsic Full Width at Half 

Maximum (FWHM) of the peak, and θ is the 
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Bragg's diffraction angle of the respective XRD 

peak.  

 

 

 

 

 
Table 3. structural parameters of thin films samples of 

SrTiO3 and Sr1-xBxTiO3 at x = (0.02 ≤ x ≤ 0.08). 

Doping ratio (x) 
Space 

group 
A (A°) 

Crystalline size 

of XRD (nm)  

0.00 

0.02 

pm-3m 

pm-3m 

3.960 

3.905 

25 

24 

0.04 pm-3m 3.905 22 

0.06 

0.08 

pm-3m 

pm-3m 

3.907 

3.907 

23 

20 

Figure 2 shows the surface morphology of 

deposited of pure SrTiO3 and Sr1-xBxTiO3 thin films 

which have been investigated by scanning electron 

microscopy (SEM). The test was measured at 200 

kx magnification with 10 kV applied high voltage 

and 200 nm, of scale bars measured. Whereas 

Figure 2 depicts a thin film sample of pure SrTiO3 

and Sr1-xBxTiO3, at an impurity ratio (2, 4, 6 and 8). 

The improvement in crystallization due to the 

increased in the regular periodic arrangement of the 

atoms in the crystal lattice [14]. The measurements 

were done with the same conditions for all the 

samples as shown in Figure 2. 

 

Figure 2. SEM images of Sr1-xBxTiO3, (X=0 -8)% Thin 

films With B impurity ratios: a =pure, b=2%, c=4%,  

d= 6% and e=8%. 

This roughness is increased with increase doping 

ratio by (B), this can be explained by the 

occurrence of crystal growth of grains 

perpendicular to the surface as shown in Table 4. 

Table 4. Parameters of the structural properties of SrTiO3 

and Sr1-xBxTiO3 at variation impurities. 

Doping ratio (x) 

(RMS) nm Average 
RMS (nm) 

Roughness 

(nm) 

0 41.07 27.76 

0.02 92.54 72.84 

0.04 105.05 86.05 

0.06 123.30 101.30 

0.08 164.87 127.72 

Optical Properties 

The transmittance spectrum (T%) is displayed 

according to Eq. 3 [15-17].  

𝑇 = 𝑒𝑥𝑝−2.303𝐴 (3) 

Where T is the transmittance, A is the absorbance. 

The transmittance spectrum is characterized by the 

opposite behavior of the absorbance spectrum, as 

shown in Figure 3 transmittance spectrum as a 

function of the wavelength of SrTiO3 and Sr1-

xBxTiO3 thin films at doping ratios (X = 2, 4, 6 and 

0.8) % at spectrum range (300-900) nm, the 

transmittance generally increases with the increase 

in the wavelength of radiation, at wavelengths with 

low energies. Observed a gradual decrease in the 

transmittance spectrum of pure SrTiO3 thin films as 

shown in Figure 3. Gradual increase in the 

percentage of impurity taken, because of the 

impurity atoms and the accompanying composition 

local levels within the forbidden energy gap 

between the valence and conduction bands, and 

thus increase in absorbency and decrease in 

permeability. 

 

Figure 3. transmittance is a function of the wavelength of 

the for SrTiO3 and Sr1-xBxTiO3 thin films at doping ratios 

(0.02≤ x ≤ 0.08). 

The absorbance spectra of the SrTiO3 and  

Sr1-xBxTiO3thin films at doping ratios (X=2, 4, 6 

and 0.8) %are shown in Figure 4. It has been found 

that the absorbance decreases slowly at spectrum 

rate (300-900) nm i.e. in the visible region. In the 

UV region the absorbance. The absorbance has 

been found to increases with increasing of Boron 

doped and it is maximum for 8% of B due to 
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increases of roughness and grain boundaries 

[18,19]. 
 

 

Figure 4. The absorption is a function of the wavelength 

of the for SrTiO3 and Sr1-xBxTiO3 thin films at doping ratios 

(0.02≤ x ≤ 0.08). 

We note that the absorption coefficient increases 

with the increase of the doping ratio of SrTiO3:La 

(it is inversely proportional to the transmittance) 

[19]. From: Figure 5 between (αhν)2 and (hν) in eV, 

the direct bandgap was determined. A straight line 

is obtained that gives the value of the direct band 

gap. The energy band gap (Eg) can be calculated 

using the Eq. 4 [16], [20]. 

αhv =A(hv-Eg )
r (4) 

Where α is the absorption coefficient, hν is the 

photon energy, Eg is the optical band gap, A is a 

constant.  

 

Figure 5. Optical energy gap of the SrTiO3 and Sr1-

xBxTiO3 thin films at doping ratios (0.02≤ x ≤ 0.08). 

The change due to the formation of local levels as 

a result of the doping process. doping B causes a 

decrease in the band gap energy. From Figure 5 the 

energy band gap (Eg) is decreased from 3.2 eV to 

2.5 eV as the Eq. 4, which indicates that the doping 

process has led to the emergence of localized levels 

in the region confined by the valence and 

conduction bands, led to a reduction in the photon 

energy required for direct electronic transitions to 

occur, which it makes the transfer of electrons from 

the valence band to the conduction band easier and 

this value agrees with the results of the researchers 

[21, 22]. 

Hall Effect Measurement 

It this Hall effect is a result of the phenomenon 

whereby a magnetic field applied perpendicular to 

the direction of motion of a charged particle exerts 

a force on the particle perpendicular to both the 

magnetic field and the particle motion directions. 

Electrons or holes move in one direction in 

response to an externally applied electric field .The 

magnetic field is forced in a perpendicular direction 

The force exerted on the charge carriers will deflect 

them in the direction of holes (positively charged 

carriers) and electrons (negatively charged 

carriers) in the other direction [23-25]. 

Have been measured variation of carrier 

concentration (n) and Hall mobility (μH) of SrTiO3 

and Sr1-xBxTiO3 thin films as the function of B with 

different doping ratio (2, 4, 6 and 8)%, as shown in 

the Figure 6. 

 

Figure 6. Variation of carrier doping concentration and 

Hall mobility of SrTiO and Sr1-xBxTiO3 thin films with 

doping ratios (0.02 ≤ x ≤ 0.08). 

Found the carriers concentration of charge are 

holes, p-type of Sr1-xBxTiO3 thin films at doping 

ratio (x=2, 4, 6 and 8)%, it is seen that the carriers 

concentration are increased from (6.776×109-

3.888×1011) cm-3 as the B content are increasing at 

x=(0.00- 0.08). The increasing is attributed to 

increase the charge carrier [26-28]. The carrier 

concentration (n) is related to the Hall coefficient 

(RH) as expressed by the Eq. 5 [29], Hall mobility 

(μH) calculated simply from the Eq. 6 [30]. 
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RH = 
1

𝑛∨𝑒∨
 (5) 

Where: RH is the Hall coefficient, n is the 

concentration of charge and e is the carrier of 

charge. The Hall mobility of electrons (𝜇𝐻) is: 

𝜇𝐻= 
𝜎

𝑛∨𝑒∨
 (6) 

or using the equation: 

𝜇𝐻= |RH| σ (7) 

The carrier mobility decreases at (2.467×103-

1.849×102) (cm2/V.s) at the doping ratio (0-0.08) 

and the Hall coefficient (RH) decreases also due to 

increasing of carrier concentrations according to 

the Eq. 5 so that the Hall mobility decreases Eq. 6 

[31, 32].  

CONCLUSIONS  
SrTiO3 pure and doped SrTiO3: B thin films were 

prepared via AACVD technique, the advantage of 

this method is that it is inexpensive and easy to use. 

A homogeneous membrane can be obtained with 

high adhesion. It is also possible to deposit at 

different deposition angles and on different surfaces 

with the same efficiency in this way. The optical 

band gap decreased at (3.2-2.5) eV with increased 

doping ratio. We should remind that the resistivity 

of these films is low; therefore, these samples can 

be applied as an absorber layer in the fabrication of 

solar cells. The conductivity of the thin film is 

increased at height doping ratio therefore can be 

used in the sensors application. 
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