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Abstract 

Dilute magnetic oxides are transparent, wide-bandgap materials that behave 

ferromagnetically when doped with a few percent of a magnetic 3d cation. They have 

attracted a great deal of interest due to the integration of semiconducting and magnetic 

properties in a material, that is a prerequisite for successful fabrication of useful devices 

for the emerging technologies of spintronics. Herewe report a study of growth 

characteristics and microstructural properties of undoped and Co doped ZnO films 

grown onto borosilicate glass substrates, using aerosol assisted chemical vapour 

deposition method. The obtained films are single phase, of Wurtzite type, some of them 

with a strong c-axis orientation, i.e. with the c-axis normal to the substrate surface.  

Keywords: Thin films, Vapour deposition, X-ray diffraction.  

Introduction  

Dilute magnetic oxides semiconductors are transparent, widebandgap materials 

that behave ferromagneticallywhendoped with a few percent of a magnetic 3d cation [1]. 

The phenomenon is observed in thin films and nanocrystals, but not inwell-crystallized 

bulk material. They have attracted a great deal of interest due to the integration of 

semiconducting and magnetic properties in one material that is a prerequisite for 

successful fabrication of useful devices for the emerging technologies of spintronics [2]. 
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There are several diluted magnetic semiconductors exploited, such as Ga1−xMnxAs, 

doped ZnO and doped TiO2. ZnO is one of the best candidates; it is optically 

transparent and has n or p type conductivity depending on the doping or co-doping 

technique [3]. Many studies were done on Co:ZnO films whichwere deposited either by 

pulsed laser deposition (PLD) using a KrF laser [4], a sol–gelmethod [5], radio-

frequency magnetron co-sputtering [6], or spray pyrolysis [7]. In this work a study of 

structural and optical properties of undoped and Co doped ZnO films grownonto 

borosilicate glass substrates, using aerosol assisted chemical vapour deposition 

method. Deposition temperature was varied between 623 and 723K. Dopant 

concentration was fixed at 5 and 10 at.%. The microstructure of the films was 

characterized by X-ray diffraction, scanning electron microscopy and atomic force 

microscopy.  

Experimental 

Undoped and Co doped ZnO films were grown onto borosilicate 7059 (2.5cm×2.5 

cm) glass substrates, using an aerosol assisted chemical vapour deposition (AACVD) 

set up similar to that previously reported [8]. The starting solution was a dilution of Zn 

acetate and Co acetate in methanol (99.9% pure); Co concentration was varied 

between 0 (for undoped) and 10 at.%. The films were prepared at different 

temperatures between 623 and 723K. An ultrasonic nebulizer (PG-24) working at 

2.4MHz generated the aerosol that was conveyed by the carrier gas and directed 

towards the substrate by a nozzle, which had a periodic movement at constant velocity 

(∼0.5mms−1) to scan the whole surface of the substrate. The total number of steps was 
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varied in order to obtain films of different thickness. Table 1 summarizes the principal 

deposition parameters used in this work.  

X-ray diffraction (XRD) patterns were acquired to determine the crystalline 

phases present in the films. Patterns were obtained in a Bragg–Brentano geometry in 

an X-Pert system, using Cu Kα radiation (λ = 0.1542 nm) at 40 keV and 30mA. The 

scanning angle 2θ was varied between 15◦ and 80°, at 0.1° step. Surface morphology of 

the films were studied by field emission scanning electron microscopy (SEM) using a 

JSM-7401F, operated at 3–5 kV.  

Film’s thickness was determined from near normal reflectance spectra, using a F-

20 UV optical fibre reflectance spectrophotometer in contact probe mode.  

Results and discussion 

Composition and characteristics of growth: Composition of the samples was 

verified by EDS analysis. Film stoichiometry was close to ideal ZnO, and doped films 

maintain approximately the same Co/Zn ratio in film as in solution.  

Fig. 1a shows the variation of deposition rate with film’s thickness for undoped 

samples obtained at 673 and 723K, it is shown a linear increase of the deposition rate 

with thickness. The slope of this curve was almost the same for samples obtained at 

723K and those obtained at 673 K. In addition, as expected the deposition rate at 723K 

was larger than that at 673K; the starting deposition rate (for thickness 0) was 53% 

larger at 723 K. Starting deposition rate was obtained fromthe intercept of the linear fit 

of deposition rate as a function of thickness. The increase of deposition rate with film’s 

thickness can be explained by an increase of the nucleation centers as the film’s 

thickness increase due to a change of the growing film texture (see below). Also, by the 
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change of the physical and chemical interaction between reactants and the surface, 

initially the substrate then the growing film [9]. In contrast, doped samples present a 

deposition rate nearly invariable with thickness, as it can be deduced fromdata in Table 

1.  
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However, the deposition rate for doped films was larger than that of undoped 

ones; also, it increased linearly with dopant content. Fig. 1b shows starting deposition 

rate as a function of Co concentration for films obtained at 673 and 723K. It is well 

established that thin film deposits form by a nucleation and growth mechanism [10]; 

and, that the rate-limiting step for nucleation processes on smooth surfaces is usually 

the formation of small clusters [11]. In addition, the presence of dopants can result in 

both the formation and stabilization of an equi-axed structure, with an increased 

formation of small clusters [10]. Then, the increase of deposition rate with dopant 

concentration can be explained by the creation of new nucleation centers as the dopant 

concentration increase, as reported for In doped films [9]. SEM analysis shows a clear 

tendency of grain size decrease with the addition of Co into the film (see Fig. 2). The 

grain size decrease can be correlated with the generation of more nucleation centers 

during the growth of the Co doped film.Up to 10 at.% of Co any decrease of growth 

ratewas observed, in contrast to the case of other dopants reported elsewhere [12]; this 

difference can be explained by the very high solid solubility of CoO inWurtzite ZnO, that 

can bemetastably extended up to 40 at.% [13].  

Microstructure: All the films were polycrystalline, single phase with a structure of 

Wurtzite type [14]. No other phases corresponding to metallic Co, other oxides or 

compounds were detected.  

The influence of film’s thickness was assessed for fixed deposition temperature 

and dopant concentration. For undoped films obtained at 673 and 723K, X-ray 

diffraction pattern results show that the texture of the films changes as the thickness 
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increase. It can be observed in Fig. 3 that undoped films, C and F of 188 and 101 nm of 

thickness, respectively, have a marked (0 0 2) texture; nevertheless the texture 

diminishes for thicker films (see Fig. 3a and b). Doped films deposited at 723K with 5 

and 10 at.% of Co, showed the same tendency. Fig. 3c shows the correspondent 

diffraction pattern of films obtained at 723K with 10 at.% of Co. However, doped films 

grew at 673K showed small variation in their texture, but the opposite trend, i.e. an 

increase of the texture with the thickness of the films; as it can be seen in Fig. 3d for 

films with 10 at.% of dopant. 

On the other hand, any influence of deposition temperature and dopant 

concentration onto the crystalline structure of the filmswas found considering films of 

almost the same thickness. Fig. 4 shows the diffraction pattern of undoped films of 

around 140±40nm of thickness obtained at different temperatures; all the films present a 

clear (0 0 2) texture. Diffraction pattern of films obtained at 723K with thickness around 

365±45nm are shown in Fig. 4b; the samples have certain (0 0 2) preferred orientation, 

but any significant change in the texture can be noticed.  

It is worthwhile to mention that comparison of the microstructure or properties of 

the films should be made on films of similar thickness, becausemany characteristics of 

the films depend on their thickness.  
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Average grain size was estimated from measurement of several AFM images of 

the surface of the films. As expected, in general for undoped and doped samples, a 

clear tendency of grain size increase with the increase of film thickness and deposition 

temperaturewas noticed (see Table 1). Another interesting correlationwas that films with 

strong (0 0 2) texture have small grain size, irrespective of the film’s thickness or dopant 

concentration (see Table 1).  
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Surface rms roughness was also measured from a number of AFM images. Here 

also, the rms roughness increases as the film’s thickness increases (see Table 1).  
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