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Abstract. In this research, we investigated the growth mechanism of cobalt-doped titanium 

dioxide (Co:TiO2) films. Thi Co:TiO2 thin films were grown on the n-type silicon substrate. 

The films were grown by metal organic chemical vapor deposition method. The growth 

temperature was varied of 325oC – 450oC. The films were characterized by SEM. Using 

Arheniu's equation, it is known that the activation energy value of film growth is positive in the 

range of temperature of 325oC – 400oC and negative in the range of temperature of 400oC – 

450oC. These results show that the decomposition rate in the range of temperature of 325oC – 

400oC is due to diffusion phase of precursor gas. On the other hand, the decomposition rate 

decreased in the range of temperature of 400oC – 450oC because the precursor gas decreased, 

and the surface chemical reaction was high. 

1.  Introduction 

TiO2 is an interesting material. It has many properties that can be applied in various fields. TiO2 has a 

high refractive index and dielectric constant [1]. TiO2 is also chemically stable. Pigment, absorbent, 

catalyst supports, filters, coating, and dielectric material commonly used TiO2 [2]. In the recent times, 

TiO2 has a high potential for environmental purification, decomposition of carbonic acid gas, and 

hydrogen gas generation [2]. Besides as a semiconductor, TiO2 doped by cobalt (Co:TiO2) 

demonstrate ferromagnetic properties at room temperature. These ferromagnetic properties allow us to 

use Co:TiO2 as sprintronics devices [3]. 

Many techniques can used to grow TiO2 thin film. These techniques are atomic layer deposition, 

MBE (molecular beam epitaxy), PLD (pulsed layer deposition), DC and RF Sputtering, and MOCVD 

[4][5][1][6][7]. Each technique has special advantages, but MOCVD possible to grow epitaxial film, 

deposit film selectively, and control the growth parameter simplicity so MOCVD is a powerful 

technique [7]. 

The effect of growth temperature on the structural and morphological quality of Co:TiO2 thin films 

deposited on Si(100) substrate by MOCVD technique has been done by Saripudin et al [8]. The 
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morphological quality and the growth rate of Co:TiO2 thin film as a function of temperature was 

pictured. However, the growth mechanism of Co:TiO2 thin films was not explained. The activation 

energy of film growth also was not evaluated. In this research, we focused on the growth mechanism 

of Co:TiO2 thin film. The activation energy of film growth was then evaluated by Arheniu’s equation. 

2.  Experimental Method 

In this research, thin films of cobalt-doped TiO2 were grown on Si(100) substrate by  MOCVD 

method. A TTIP (Titanium Tetra Iso-Propoxide) was used as TiO2 precursor, other while Co(TMHD)3 

was used as Co precursor. A THF (Tetra Hidrofuran) was used to make a Co solution. 

TTIP of 20 mL was mixed by Co(TMHD)3 of 900 mg and THF of 20 mL into the bubbler tube. 

The mixture of TTIP, Co(TMHD)3, and THF in the bubbler tube was then heated at a constant 

temperature of 100oC. The vaporized TTIP and Co(TMHD)3 of 0,3 kg/cm in partial pressure were 

driven by argon gas into the reactor chamber with 70 sccm in speed. A silicon substrate has been 

embedded on a heater disc in the reactor. The disc was heated until a constant temperature, that is, 

325oC, 350oC, 375oC, 400oC, or 450oC. Each film was grown along 120 minutes with the total 

pressure of the reactor chamber was 2 × 10-3 torr. The details of the growth parameters of Co:TiO2 thin 

films were listed at Table 1. 

 

Table 1. The detail of the growth parameters of Co:TiO2 thin film. 

 

No. Parameters Value Unit 

1 Total pressure of the reactor chamber 2 × 10-3 torr 

2 Growth time 120 min 

3 Argon gas (carrier) speed 70 sccm 

4 Growth temperatures 325 - 450 oC 

5 Bubbler tube temperature 100 oC 

6 Pressure of the vaporized TTIP and Co(TMHD)3 0,30 kg/cm2 

 

 

Each film was characterized by SEM (JEOL type JSM-6510LA) to know the film morphology and 

the film thickness. The thickness of each film was measured and, by knowing the growth time, we 

calculated the rate of film growth. To evaluate the energy activation of film growth, we used 

Arheniu’s Equation, that is 

𝑟 = 𝐴𝑒−
𝐸𝐴
𝑅𝑇                                                                    (1) 

 

where r is the rate of growth, A is the frequency factor for reaction, R is universal gas constant, T is 

temperature of growth, and EA is activation energy. 

3.  Results and Discussion 

SEM photograph of Co:TiO2 films for various temperature growths resulting in this research is shown 

in Figure 1. The left-side of the photograph is SEM of film’s surface, other while the right-side 

photograph is SEM of film’s cross-section. These SEM photographs show, generally, that all film’s 

surface look roughly with a relatively homogeneous grain. 
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Figure 1. SEM photograph of films grown in various temperature. 

 

SEM photograph of film’s cross-section grown at 375oC – 450oC show that the film composed by 

like rod crystal grains. At the interface of film-substrate, crystal grains look random. These results 

were obtained because of competitively crystal growth so that the crystal grains formed depend on the 

diffusion process of surface’s atomic precursor. The competitively crystal growing can be caused by 

various crystal grain orientations on the substrate’s surface [9]. On the other hand, photographs of 

film’s cross-section grown in the range of temperature of 325oC - 350oC show that the grain is in the 

random position and separated each other. It was caused by polluter covered the crystal surface that is 

growing. 

Although the films were grown at the same growth time, the thickness of each film are different for  

different temperature. It means that the rate of film gowth is different. The film grown at temperature 

of 325oC is the lowest rate of growth, that is about 2.42 nm/min. On the other hand, the film grown at 

temperature of 400oC is the higest rate of growth, that is about 5.33 nm/min. This fact indicated that 

the rate of film growth depend on the temperature of film growth. 

Graph of ln r versus 1/T for Co:TiO2 films is shown in Figure 2. By linear fitting, we get the 

activation energy of film growth. It is revealed that the activation energy of film growth is positive, 

that is 32.2 kJ/mol, for the film grown in the range of temperature of 325oC – 400oC. This result shows 

that the rate of film growth increased as the temperature increased. This phenomenon caused by gas 

phase of precursor that higher than surface’s chemical reaction [4]. In the other word, deposition of 

film is controlled by diffusion [7]. 
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Figure 2. Graph of natural logaritm of film growth rate (ln r) versus inversely temperature (1/T). 

 

A different result is shown by the film grown in the range of temperature of 400oC - 450oC. Its 

activation energy is negative, that is -46.5 kJ/mol. This result shows that the rate of film growth 

decreased as the temperature of film growth increased. The decreasing tendency of the rate of film 

growth at the higher temperature is commonly occur. In the high temperature, the decomposition rate 

of film and other surface chemical reaction becomes higher. This phenomenon decreased the gas 

diffusion of precursor. In that situation, film deposition is controlled by kinetically deposition [7]. 

 

4.  Conclussion 

We have grown a series of Cobalt-doped TiO2 thin films on the n-type silicon substrate by MOCVD 

method in the range of temperature of 325oC – 450oC. SEM photograph of the film shows that all 

film’s surface look roughly with a relatively homogeneous grain. The activation energy of film growth 

is positive in the range of temperature of 325oC – 400oC and negative in the range of temperature of 

400oC – 450oC. These results show that the decomposition rate in the range of temperature of 325oC – 

400oC is due to diffusion phase of precursor gas. On the other hand, the decomposition rate decreased 

in the range of temperature of 400oC – 450oC because the precursor gas decreased, and the surface 

chemical reaction was high. 

References 

[1] 8A. Saripudin, H. Saragih, Khairurijal, T. Winata, and P. Arifin, Effect of Growth Temperature 

on Cobalt-doped TiO2 Thin Films Deposited on Si(100) Substrate by MOCVD Technique, 

Advanced Materials Research (2014) 896, 192 

[2] Barna, P.B., and Adamik, M. (1998), Fundamental Structure Forming Phenomena of 

Polycrystalline Films and The Structure Zone Models, Thin Solid Films 317, 27. 

[3] 4C.H. Heo, S.B. Lee, J.H. Boo, Deposition of TiO2 thin films using RF magnetron sputtering 

method and study of their surface characteristics, Thin Solid Films 475 (2005) 183-188. 

[4] 6C.K. Jung, B.C. Kang, H.Y. Chae, Y.S. Kim, M.K. Seo, S.K. Kim, S.B. Lee, J.H. Boo, Y.J. 

1,35 1,40 1,45 1,50 1,55 1,60 1,65 1,70

0,8

0,9

1,0

1,1

1,2

1,3

1,4

1,5

1,6

1,7

1,8

 Data

 Fit Linear

E
A
 = -46,5 kJ/mol E

A
 = 32,2 kJ/mol

L
n

  
r

1/T (x 10
-3
 K

-1
)

International Conference on Innovation in Engineering and Vocational Education IOP Publishing
IOP Conf. Series: Materials Science and Engineering 128 (2016) 012046 doi:10.1088/1757-899X/128/1/012046

4



 

 

 

 

 

 

Moon, J.Y. Lee, Growth of TiO2 Thin Films on Si(100) and Si(111) Substrates Using Single 

Molecular Precursor by High Vacuum MOCVD and Comparison of Growth Behavior and 

Structural Properties, Journal of Crystal Growth 235 (2002) 450-456. 

[5] 2K. Thamapat, P. Limsuwan, and B. Ngotawornchai, Phase Characterization of TiO2 Powder by 

XRD abd TEM, Kasetsart J. (Nat. Sci.) 42 (2008) 357-361. 

[6] 1M.I.B. Bernardi, E.J.H. Lee, P.N. Lisboa-Filho, E.R. Leite, , E. Longo, and J.A. Varela, TiO2 

Thin Film Growth Using the MOCVD Method, Material Research 4 (2001) 223-236. 

[7] 5M.M. Hasan, A.S.M.A. Haseeb, H.H. Masjuki, and R. Saidur, Influence of Substrate 

Temperatures on Structural, Morphological, and Optical Properties of RF-Sputtered Anatase 

TiO2 Films, The Arabian Journal for Science and Engineering 35 (2010) 147-156. 

[8] 7S.H. Nam, J.S. Hyun, J.H. Boo, Synthesis of TiO2 thin films using single molecular precursors 

by MOCVD method for dye-sensitized solar cells application and study on film growth 

mechanism, Materials Research Bulletin 47 (2012) 2717-2721. 

[9] 3Y. Matsumoto, M. Murakami, T. Shono, T. Fukumura, M. Kawasaki, P. Ahmet, C. Chikyow, 

S. Koshihara, and H. Koinuma, Room-Temperature Ferromagnetism in Transparent 

Transition Metal-Doped Titanium Dioxide, Science 291 (2001) 854-856. 

 

International Conference on Innovation in Engineering and Vocational Education IOP Publishing
IOP Conf. Series: Materials Science and Engineering 128 (2016) 012046 doi:10.1088/1757-899X/128/1/012046

5


