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Mg-doped Ba0.8Sr0.2Mg0.1Ti0.9O3 (BST) thin film structural and physical characterization 
results are presented. The (Ba,Sr)<Mg>TiO3 ceramic targets have  been prepared by self-
propagating high-temperature synthesis method and a nano-film is fabricated by the pulsed 
laser deposition method. Ferroelectric films have been physically characterized (thickness, 
surface morphology, composition) by means of ellipsometry, scanning-electron microscopy, 
Rutherford backscattering spectrometry (RBS) and atomic force microscopy  (AFM) methods. 
The results of ellipsometric investigation of the Mg-doped Ba0.8Sr0.2Mg0.1Ti0.9O3 thin film and 
the comparison of Mg-doped Ba0.8Sr0.2Mg0.1Ti0.9O3  targets prepared by the SHS technology 
show that  BST thin films behave differently than bulk BST. It is observed that the dielectric 
constant decreases with a decrease in the thickness of the BST thin film. The thickness depend-
ence of the dielectric constant varies with the substrate temperature and the grain size effect. 
The thickness dependence of dielectric permittivity is explained in Schottky barrier model. The 
RBS investigations of the examined BST films confirm a stoichiometric growth and an excel-
lent crystalline quality and confirm a  stoichiometric good  growth. The measured root mean 
square (rms) roughness is about 7,6 nm. The micrographs show a closed BST thin film without 
micro-cracks or pores. The BST surface possesses a grainy texture with a typical grain size of  
~50 nm. 
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Introduction. Ferroelectric materials are very promising for a variety of applica-
tions such as high permittivity capacitors, ferroelectric memories, tunable microwave 
devices,  pyroelectric  sensors, piezoelectric transducers, electro -optic devices and 
PTC thermistors, as well as bio(chemical) sensors [1-3]. This wide range of applica-
tions is mainly attributed to the phase transitions in  ferroelectrics. Ferroelectric mate-
rials tend to become paraelectric beyond a transition  temperature called Curie temper-
ature Tc. At the Curie temperature, the ferroelectric materials undergo a structural 
change from ferroelectric to paraelectric attaining highest dielectric constant. The fer-
roelectric characteristics like the composition-dependent Curie temperature and the 
electric field dependent dielectric permittivity have found applications in tunable fil-
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ters, phase shifters and tunable antennas [1,2,4].  Due to the presence of oxygen va-
cancies and ionic conductance, perovskite oxides have a high catalytic activity to oxy-
gen reduction and oxidation, and thus suitable for a large variety of sensor applica-
tions: magnetic sensors, pyroelectric detectors, optical memories and electro-optic 
modulators [3],  microwave capacitors [1,2,4,5], solid-oxide fuel cells (SOFC)[6], as a 
sensing material in oxygen [7], carbon monoxide, hydrocarbon[8], nitrite oxide [9], 
humidity [10], ethanol [11], hydrogen peroxide [12], pH [13] and other bio(chemical) 
sensors. 

BaxSr 1-x TiO3 is the  most commonly investigated material, since it has the high-
est dielectric constant at room temperature. It has been reported that [1,2,4,14-16] the 
main dielectric and catalytic  properties of the ferroelectric materials strongly depend 
on the method of fabrication, structure and grain size,  as well as on its composition, 
so controllable preparation of crystalline size and thin film has been focused in order 
to improve the device capability. For example, the grain size profoundly affects the 
dielectric properties of the BST thin  films. The grain size decreases and grain bounda-
ry increases, as the thickness of the film reduces. Hence a thinner film has a higher 
leakage current density and   a lower dielectric constant as compared to the thicker 
films [1,2,4]. It has been reported that the increased dielectric constant and the in-
creased temperature variation is observed with an increased grain size by varying the 
oxygen pressure during sputtering. The thickness dependence of the dielectric constant 
varies with the substrate temperature and the grain size effect.  In order to improve the 
performance of the BST-based different circuit elements, microwave capacitors, PTC 
resistors, ferroelectric memories, as well as sensors and actuators, the researchers ex-
tensively studied the BST ceramics and thin films doped by different rare earth mate-
rials. The use of isovalent dopants, such as strontium, have been used to move the Cu-
rie point to the optimal location for the desired application. From an application per-
spective, it is important to reduce the dependence of the relative dielectric constant on 
temperature. One significant advantage of ceramic and thin film ferroelectrics is the 
ease with which their properties can be adjusted by slight changes to the composition.  

The effect of Mg doping on the BST ceramics and thin films was investigated 
previously in many works [14-16]. However, the Mg - doped BST ceramics in these 
studies were manly prepared by sintering the mixture of as-received BST and Mg-
based chemical. It has been reported that Mg doping or MgO addition could be used in 
BST ceramics and thin films to suppress the permittivity and losses [14]. 
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In this connection, the goal of this  work is to investigate the structural and physi-
cal characteristics of Mg-doped Ba0.8Sr0.2Mg0.1Ti0.9O3  thin films,  obtained by the 
pulsed laser deposition (PLD) technique. 

Perovskite-oxide targets of Mg-doped Ba0.8Sr0.2Mg0.1Ti0.9O3  are prepared by SHS 
technology [17] and thin films (~100 nm thick)   were prepared onto a Si-SiO2 sub-
strates (p-Si, =5-10 Ω cm; 50 nm SiO2, chip sizes: 10x10 mm2) by PLD [13].The 
main advantages of the PLD technique are high flexibility, compatibility with the sili-
con planar technology, the controlled deposition of multi-component compositions as 
perovskite oxides in a defined stoichiometry as well as the short deposition time due to 
the high growth rates. Moreover, the thin-film preparation can be performed in various 
atmospheres (e.g., O2, N2) at elevated temperatures up to 1200°C [12,13]. The BST 
films were deposited at 400 °C in an oxygen ambient (2x10-3 mbar) using a KrF ex-
cimer laser with a wavelength of 248 nm. The laser pulse length, frequency and 
flounce were 20 ns, 10 Hz, and 2.5 J/cm2, respectively. Before the PLD-growth, a 300 
nm thick Al film was deposited on the rear side of the chip as a contact layer. For de-
tails of PLD process see, e.g. [13]. 

Fig.1 shows light and SEM pictures of the Mg-doped Ba0.8 Sr0.2 Mg0.1Ti 0.9O3 - 
SiO2-pSi -SiO2-Si structure after PLD.  

 
                                  

a)                                                                          b) 
Fig. 1. Mg-doped Ba0.8 Sr0.2 Mg0.1Ti 0.9O3 - SiO2-pSi  sensor light  picture (a) and SEM picture  

of  Ba0.8 Sr0.2 Mg0.1Ti 0.9O3 - SiO2-pSi  layer structure after PLD (b) [17] 
 
The prepared perovskite-oxide layers have physically been characterised (thick-

ness, morphology, homogeneity, composition) by means of ellipsometry, atomic force 
microscopy (AFM) and  Rutherford backscattering spectrometry (RBS) methods.  
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1. Ellipsometric spectrometry1. Ellipsometry, as an optical method for determin-
ing the film thickness and optical properties, measures the change in the state of polar-
ization of the light reflected off the film’s surface. The advancement of spectroscopic 
ellipsometers has extended the analytical power of ellipsometry to complex multilayer 
coatings, where several optical parameters (refractive index, extinction coefficient, 
film thickness, roughness anisotropy, etc) can be determined simultaneously. The en-
hanced spatial resolution of imaging ellipsometers potentially expands ellipsometry 
into new areas of microanalysis, microelectronics, and bio-analytics.  The results of  
ellipsometric investigation of the Mg-doped Ba0.8Sr0.2Mg0.1Ti0.9O3 thin film are pre-
sented in Fig. 2. 

 
Fig. 2.  Ellipsometric measurement results 

The investigation and comparison of Mg-doped Ba0.8Sr0.2Mg0.1Ti0.9O3 targets       
prepared by SHS technology [13,17] show that  BST thin films behave differently than 

                                                 
1 Ellipsometric, AFM, RBS measurements shown in this work were carried out in For-

schungszentrum Juleich  and  Institute of  Bio- and Nanotechnology (Germany). 
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bulk BST.The dielectric constant of BST thin film is much smaller than bulk BST. It 
is observed  that the dielectric constant decreases with a decrease in the thickness of 
the BST thin film. The thickness dependence of the dielectric constant varies with the 
substrate temperature and the grain size effect. The thickness dependence of permittiv-
ity is explained in Schottky barrier model [1,2,4].  

2. Rutherford backscattering spectrometry. Rutherford backscattering spec-
trometry (RBS) is a technique for determining stoichiometry, layer thickness, interface 
quality and crystalline perfection of a thin film. In RBS, the sample is placed in front 
of a collimated beam of mono-energetic, low mass ions. Within this work, the experi-
ments were performed with 1.4 MeV  He+ ions. A small fraction of the ions that im-
pinge on the sample are scattered back elastically by the nuclei of the atoms and are 
collected by a detector. The detector determines the energy of the backscattered ions, 
resulting in a energy spectrum - the so-called RBS spectrum. 

 

results best fit +/- unit 
Thickness (layer #1@sample) 14,4 0.0 nm 
Thickness (layer # 0@sample) 63,7 0.0 nm 

RMSE 0,525 
 

 

In the random configuration (Fig. 3 left side) the sample is rotated to avoid the 
channeling of the He+ beam. The energy transferred from a He+ ion to the sample atom 
depends on the kinetic energy of the incident ion and the mass of the stationary sample 
atom. Energy loss, due to inelastic scattering by the electronic structure of the sample 
atoms, occurs for He+ ions that penetrate deeper inside the sample. The energy of the 
ions collected in the detector, thus, provides information about the mass of sample 
atoms and the thickness of layers. In addition, information about the interface sharp-
ness between two layers is obtained from the abruptness of the low energy edge of the 
energy interval for the respective sample atoms. Stoichiometry and layer thickness are 
obtained from the comparison of the so-called random spectrum (Fig. 3) with a simu-
lation provided by the program RUMP [18]. 

The channeling spectrum is recorded without rotating the sample during the 
measurement (Fig. 4). Here, the sample is aligned to a low index crystal direction, al-
lowing the beam to be guided by the atomic rows leading to a reduction of the proba-
bility of being backscattered. Defects inside the film will lead to scattering out of the 
channeling direction and a fraction of these ions will be backscattered and collected by 
the detector. A measure of the crystalline perfection of the sample is, therefore, the 
minimum yield min. This is the minimum in the intensity ratio of channeling and 
random spectra.  
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Fig. 3. Shows RBS spectra and channeling measurements  

 
Fig. 4. RBS channeling measurements performed on 63  nm thick Ba0.8Sr0.2Mg0.1Ti0.9O3  film 

grown on SiO2 substrate  
 
 

Clear steps corresponding to the constituent elements (Ba,Sr,Ti,O) were detected. 
The analysis of the RBS measurement verifies the stoichiometric composition to the    
deposited Ba0.8Sr0.2Mg0.1Ti0.9O3.  

3. Atomic force microscopy study.  Scanning probe microscopy(SPM) is a fast    
technique that allows the surface analysis of thin films and single crystals with atomic  
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p-Si/SiO2/Ti/Pt/BST

p-Si/SiO2/BST

 
resolution. The scanning probe technique used in this work is the atomic force 

microscopy (AFM). AFM measurements were performed on an area 10x10 μm2  to 
investigate the   surface roughness. The results of the AFM study are illustrated in Fig. 
5. They were     recorded in the tapping mode using a BioMat Workstation (JPK  In-
struments, Germany). 

 
 
 
 
 
 
 
 
 
 
 
                        

 
a) 

 
 
 
 
 
 
 
 
 
 
                
                                                    

b) 
Fig. 5. AFM  spectroscopy of Ba0.8Sr0.2Mg0.1Ti0.9O3   thin film. [(a)-surface and height 

resolution, (b)-high-resolution two dimensional surface  image with  of the interfacial defects 
of  film] 

 

Conclusions. The results of  the ellipsometric investigation of the Mg-doped 
Ba0.8Sr0.2Mg0.1Ti0.9O3 thin film and the comparison of Mg-doped Ba0.8Sr0.2Mg0.1Ti0.9O3 
targets prepared by SHS technology [13,17] show that  BST thin films behave differ-
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ently than the bulk BST. The dielectric constant of the BST thin film is much smaller 
than that of the bulk BST. It is observed  that dielectric constant decreases with a de-
crease in the thickness of the BST thin film. The thickness dependence of the dielec-
tric constant varies with the substrate temperature and the grain size effect. The thick-
ness dependence of permittivity is explained by Schottky barrier model [1,2,4]. As it 
follows from Fig. 4, the minimum yield value of 2.5% measured at the Ba-signal re-
veals the excellent crystalline quality of these films and confirm  a  stoichiometric 
good  growth. The measured root mean square (rms) roughness is about 7,6 nm. The 
defect can be recognized by a local lattice expansion. A double row of dots of about 
equal contrast is found corresponding to BaO, SrO columns, meeting each other as 
denoted  by a pair of black arrows. 

It is thus likely that decomposition takes place during the exposure to the higher-
temperature and lower oxygen pressure conditions in the PLD chamber. The micro-
graphs show a closed BST thin film without micro-cracks or pores. The BST surface 
possesses a grainy texture with a typical grain size of  ~50 nm. 
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ФИЗИЧЕСКАЯ ХАРАКТЕРИЗАЦИЯ ФЕРРОЭЛЕКТРИЧЕСКИХ ТОНКИХ 

ПЛЕНОК 
 

В.В. Буниатян, Халили Арахи Али Могаммад, А.А. Давтян   
 

Представлены результаты физических и структурных характеризаций Mg–
легированных Ba0.8Sr0.2Mg0.1Ti0.9O3 тонких пленок. Керамические мишени 
(Ba,Sr)<Mg>TiO3 получены методом самораспространяющегося высокотемпературного 
синтеза (СВС), а тонкие пленки – методом импульсного лазерного распыления (ИЛР). 
Ферроэлектрические пленки физически (толщина, поверхностная неравномерность, 
композиция) характеризуются эллипсометрическим, сканирующим электронным микро-
скопическим (СЭМ), атомно–силовым микроскопическим (АСМ) методами и антире-
флекторной спектроскопией Рудерфорда (АСР). Результаты  эллипсометрических иссле-
дований Mg-легированных Ba0.8Sr0.2Mg0.1Ti0.9O3 тонких пленок и их сравнение с Mg-
легированными Ba0.8Sr0.2Mg0.1Ti0.9O3 мишенями, полученными технологией СВС, пока-
зывают, что поведение  BST тонких пленок и мишени отличается. Зафиксировано,  что 
диэлектрическая постоянная  уменьшается с уменьшением толщины тонких пленок BST. 
Характер связи диэлектрической постоянной и толщины изменяется в зависимости от 
температуры подложки и размерных зернистостных эффектов. Зависимость диэлектри-
ческой постоянной от толщины объясняется с помощью модели  барьера Шоттки. Ис-
следование тонких пленок BST РАС показывает стихиометрическое совпадение и свиде-
тельствует  о наличии отличной кристаллической структуры и хорошем качестве  выра-
щивания  кристаллических пленок. Измеряемая среднеквадратичная неравномерность 
поверхности составляет ~ 7,6 нм. Микрорисунки  BST  тонких пленок  свидетельствуют  
об отсутствии  микротрещин  и пористостей. Поверхность BST является  неравномерной  
с типичными размерами  ~50 нм. 

 Ключевые слова: титанат бария–стронция, эллипсометрия, атомно-силoвая микро-
скопия. 

 


