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ABSTRACT 
 
 SURFACE ROUGHNESS AND GRAIN SIZE CHARACTERIZATION OF 
ANNEALING TEMPERATURE EFFECT FOR GROWTH GALLIUM AND 
TANTALUM DOPED Ba0.5 Sr0.5TiO3 THIN FILM. Thin films 10 % gallium oxide doped 
barium strontium titanate (BGST) and 10 % tantalum oxide doped barium strontium titanate 
(BTST) were prepared on p-type Si (100) substrates using chemical solution deposition (CSD) 
method with 1.00 M precursor. The films were deposited by spin coating method with 
spinning speed at 3000 rpm for 30 seconds. The post deposition annealing of the films were 
carried out in a furnace at 200oC, 240oC, 280oC (low temperature) for 1 hour in oxygen gas 
atmosphere. The surface roughness and grain size analysis of the grown thin films are 
described by atomic force microscope (AFM) method at 5000 nm x 5000 nm area. The rms 
surface roughness BGST thin films at 5000 nm x 5000 nm area are 0.632 nm, 0.564 nm,              
0.487 nm for temperature 200oC, 240oC, 280oC, respectively, whereas the grain size               
(mean diameter) are 238.4 nm, 219.0 nm, 185.1 nm for temperature 200oC, 240oC, 280oC, 
respectively. In fact, to increase annealing temperature from 200oC to 280oC would result in 
decreasing the rms roughness and grain size. Therefore, rms roughness and grain size would 
have the strong correlation annealing temperature. 
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INTRODUCTION 
 

Thin BaTiO3 (BT) and Ba0.5Sr0.5TiO3 (BST) is a well known dielectric 
material and has been attractive for the applications such as capacitors and 
high density dynamic random access memory (DRAM) due to its high 
dielectric constant and high capacity of charge storage [1,2] and solar cell [3]. 
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BT and BST films can be formed by various methods, such as chemical 
solution deposition (CSD) [1,2,4], metal organic chemical vapor deposition 
(MOCVD) [5-7], rf sputtering [8-13] and Pulsed Laser Ablation Deposition 
(PLAD) [14]. CSD Method is of particular interest because of its good 
control of stoichiometry, ease of fabrication and low temperature synthesis.  
It is relatively new and requires a greater understanding to optimize film 
quality. Crystallization mechanisms in CSD-derived thin films are different 
from phenomena associated with vapor phase epitaxy. It was reported that 
CSD derived thermodinamically stable.  

Gallium oxide doped barium strontium titanate and tantalum oxide 
doped barium titanate have been of immense interest in the use of 
ferroelectric solar cell (FSC) [3]. The roughness and grain size properties of 
the materials can be tailored by varying the concentration of the dopant and 
annealing temperature. Since the sensor performance significantly depends 
on these properties, the FSC performance can then be optimized.  

The surface roughness and grain size analysis of the grown thin films 
are analysed by atomic force microscope (AFM) method at nanoscale area. 
Instead of tunneling current, an AFM detects interatomic forces that occur 
between a cantilever probe tip and a sample. Normal imaging forces are in 
the 1 - 50 nanonewton range and cantilever deflections of less than 0.1 nm 
can be detected (nanoscale) [15–21]. 

In this paper we report on the fabrication of 10 % gallium oxide doped 
barium strontium titanate and 10 % tantalum oxide doped barium strontium 
titanate thin films by CSD with 1.00 M precursor. Using 10 % gallium oxide 
and 10 % tantalum oxide doped barium strontium titanate thin films by CSD, 
can be increase the homogeneous performance of The roughness and grain 
size. The roughness and grain size properties of the grown films related to the 
dopant gallium oxide, tantalum oxide and annealing temperature                    
are described. 
 

MATERIALS AND METHODS 
 

Procedural BGST thin films were fabricated by CSD methods using 
0.160 g barium acetic [Ba(CH3COO)2, 99 % purity] + 0.131 g strontium 
acetic [Sr(CH3COO)2, 99 % purity] + 0.355 g titanium isopropoxide 
[Ti(C12O4H28), 99.999 % purity] + 0.060 g gallium oxide as precursor in     
1.25 ml 2-methoxyethanol [H3COOCH2CH2OH, 99.9 %] and using 0.160 g 
barium acetic [Ba(CH3COO)2, 99 % purity] + 0.131 g strontium acetic 
[Sr(CH3COO)2, 99 % purity] + 0.355 g titanium isopropoxide [Ti(C12O4H28), 
99.999 % purity] + 0.060 g tantalum oxide as precursor in 1.25 ml                      
2-methoxyethanol [H3COOCH2CH2OH, 99.9 %] were used as solvent was 
introduced under mixing by Ultrasonic at 2 hours. A clear liquid resulted. 
After 20 minutes of standing at room temperature, this solution acquired a 
milky appearance. The cloudy appearance disappeared. It contained 
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equivalent 1.00 M BGST 10% and BTST 10%. After 2 hours of aging, that 
solution was spin coated on 10 mm x 10 mm p-type Si (100) substrates, with 
spinning speed at 3000 rpm for 30 seconds. The post deposition annealing of 
the films was carried out in a Furnace Model Nabertherm Type 27 at 200oC, 
240oC, 280oC (low temperature) for 1 hour in an oxygen atmosphere.                 
The surface roughness and grain size analysis of the grown thin films are 
described by atomic force microscope (AFM) method at 5000 nm x 5000 nm 
area at room temperature in School of Microelectronic Engineering, 
Universiti Malaysia Perlis, Jalan Bukit Lagi, 01000 Kangar Perlis, Malaysia.  
 

RESULTS AND DISCUSSION 
 

The effect of growth temperature, gallium and tantalum dopant 
concentration on the surface morphology were carried out by using AFM 
images, respectively. Figure 1 - 9 shows surface analysis, grain size,                      
3 dimension using AFM method for annealing temperature at 200oC of                 
5000 nm x 5000 nm area for BST, BGST, BTST thin films varying annealing 
temperature (200oC, 240oC, 280oC). Whereas, Figure 10 – 12 shows surface 
roughness, mean grain size, grain diameter varying annealing temperature, 
dopant gallium and tantalum. The rms surface roughness for BST thin films 
at 5000 nm x 5000 nm area are 10.50 nm, 0.6324 nm, 0.2202 nm for 
temperature 200oC, 240oC, 280oC, respectively, whereas the grain size            
(mean diameter) are   1,046 nm, 238.4 nm, 141.3 nm for temperature 200oC, 
240oC, 280oC, respectively. The rms surface roughness for BGST thin films 
at 5000 nm x 5000 nm area are 0.632 nm, 0.564 nm, 0.487 nm for 
temperature 200oC, 240oC, 280oC, respectively, whereas the grain size (mean 
diameter) are 238.4 nm, 219.0 nm, 185.1 nm for temperature 200oC, 240oC, 
280oC, respectively. The rms surface roughness for BTST thin films at           
5000 nm x 5000 nm area are 1.087 nm, 0.4870 nm, 0.2317 nm for 
temperature 200oC, 240oC, 280oC, respectively, whereas the grain size           
(mean diameter) are    158.7 nm, 291.1 nm, 396.7 nm for temperature 200oC, 
240oC, 280oC, respectively. In fact, to increase annealing temperature from 
200oC to 280oC dominant would result in decreasing the rms roughness and 
grain size. Therefore, rms roughness and grain size would have the strong 
correlation annealing temperature. This suggests the primary mechanism for 
the decay of thermodynamically unstable BST compound in gallium or 
tantalum desorption and phase rearrangement of the surface in the                      
absence of reactive oxygen environment during annealing temperature.            
This thermodynamic tendency for oxygen vacancy formation would lead to 
structural degradation of the films. By changing the temperature to the 
optimum growth temperature (280oC), the spots began to shrink indicating 
that the formation of second phase precipitate can be suppressed at this 
growth temperature (Figures 3, 6, 9, 10, 11, 12). 
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Figure 1. Surface analysis using AFM method at 200oC of 5000 nm x 5000 nm 

area for BST, BGST, BTST thin films. 
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Figure 2. Grain analysis using AFM method at 200oC of 5000 nm x 5000 nm 

area for BST, BGST, BTST thin films. 
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Figure 3. The 3 dimension analysis using AFM method at 200oC of 5000 nm 

x 5000 nm area for BST, BGST, BTST thin films. 
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Figure 4. Surface analysis using AFM method at 240oC of 5000 nm x              

5000 nm area for BST, BGST, BTST thin films. 
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Figure 5. Grain analysis using AFM method at 240oC of 5000 nm x 5000 nm 

area for BST, BGST, BTST thin films. 
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Figure 6. The 3 dimension analysis using AFM method at 240oC of 5000 nm 
x 5000 nm area for BST, BGST, BTST thin films. 
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Figure 7. Surface analysis using AFM method at 280oC of 5000 nm               

x 5000 nm area for BST, BGST, BTST thin films. 
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Figure 8. Grain analysis using AFM method at 280oC of 5000 nm x 5000 nm 

area for BST, BGST, BTST thin films. 
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Figure 9. The 3 dimension analysis using AFM method at 280oC of 5000 nm 

x 5000 nm area for BST, BGST, BTST thin films. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10. Graph of surface roughness varying annealing temperature. 
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Figure 11. Graph of mean grain size varying annealing temperature. 
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Figure 12. Graph of grain diameter varying annealing temperature. 
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In ferroelectric fenomenon, acceptor doping gallium oxide doped 
barium strontium titanate is more likely very effective for generating 
movable dipoles and domain pinning, since the oxygen ions are still movable 
even below the Curie temperature (e.g. at room temperature), because the 
oxygen and vacancy adjacent (only 2.8 Å) and hopping easily occurs, on the 
other hand donor doping tantalum oxide doped barium strontium  titanate is 
not more likely very effective for generating movable dipoles and domain 
pinning, since the Ba ion or Sr ion cannot easily hop to an adjacent A-site 
vacancy due to the close oxygen (O) surroundings [22].  

 
CONCLUSION 

 

We have investigated the annealing temperature of BST, BGST and 
BTST thin films deposited by the chemical solution deposition (CSD) 
method with spinning speed at 3000 rpm for 30 seconds. The post annealing 
at 200oC, 240oC, 280oC for 1 hour were carried out to each deposited film.            
In fact, to increase annealing temperature from 200oC to 280oC would result 
in decreasing the rms roughness and grain size. Therefore, rms roughness and 
grain size would have the strong correlation annealing temperature. 
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