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ABSTRACT 

Co:ZnO nanocomposite thin films were deposited on glass substrates by Spray pyrolysis at 
relatively low temperature of 350oC. X-ray diffraction, atomic force microscopy and UV–
VIS optical spectrophotometry were used to characterize the structural and optical 
properties of the as-prepared nanocomposite thin films. X-ray diffraction patterns of the 
films showed that the films exhibited mixed structure of ZnO with hexagonal wurtzite 
structure and Co3O4 with cubic Spinal structure, and both crystalline structures have 
preferred orientation along (002) and (111) respectively. Topography of the films obtained 
by atomic force microscope revealed that the nanocomposite thin films have higher grain 
size and roughness in comparison with ZnO and Co3O4 thin films. The optical absorption 
spectra showed that the nanocomposite Co:ZnO films have lower transmittance than ZnO 
films and higher than Co3O4 films. Investigation of the optical absorption coefficient 
indicated that the adding of Co ratio leads to narrowing the band gap of the thin films 
from 3.2 to 2 eV.  
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1. INTRODUCTION 

 

Semiconducting materials which doped with magnetic transition metal like Fe, Co, Mn and Ni 
known as Diluted magnetic semiconductors (DMS) [1-2]. These types of semiconductor have 
received great attention recently because of their important applications in magneto electronic, 
spintronic and optoelectronic devices [3-5]. 
 
Zinc oxide is an II-VI group n-type semiconducting material holds a critical position because of 
its transparency in the visible range with wide band gap (~3.37 eV) and large exciton binding 
energy (60 meV) [6-7]. ZnO has massive applications in the fabrication of devices such as 
transparent high-power electronics, varistors, ultraviolet light-emitters, piezoelectric 
transducers, smart windows, gas-sensors and solar cells [8-13]. Zinc oxide has many advantages 
like low cost, abundance in nature, harm-lessens against environment and human being, high 
thermal and chemical stability [6,14-15]. Crystalline structure of ZnO mostly involves number of 
planes including tetrahedrally coordinated O2−and Zn2+ions, accumulated alternately along the 
c-axis [15]. ZnO alloying with transition metals as like cobalt (Co) has attracted of great interest 
because of the novelty of their fundamental properties [16]. Cobalt oxide is a p-type 
semiconductor has normal spinel structure, two energy band gaps (1.57 and 2.28) eV and have 
three kinds of the structure: Cobalt oxide Co3O4, Cobaltous oxide CoO and Cobaltic oxide Co2O3 
[17-18]. It has been widely used as heterogeneous catalysts, magnetic materials, electrode 
materials and gas sensing materials [19-20]. In recent years, numerous techniques are 
performed to prepare ternary Zn1-xCoxO thin films such as aerosol assisted chemical vapor 
deposition (AACVD), sol–gel, spray pyrolysis technique, laser molecular-beam epitaxy method, 
simple solution route and Pulsed Laser Deposition (PLD) [21-27].  
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Until now spray pyrolysis method is infrequently used as deposition technique although it 
considered as a simple and comparatively low cost-effective technique [28]. Several studies 
depicted the growth processes of Co:ZnO thin film and showed the cobalt doping effect on the 
optical, structure, electrical, properties [29]. However, a few studies have focused on fabrication 
of CoZnO composite thin films at relatively low temperatures. In this study the structural, 
morphological and optical properties of ZnO, CoZnO,Co3O4 nanostructure thin films was studied 
using spray pyrolysis technique.  
 

 

2. EXPERIMENTAL 

 
The Co:ZnO thin film was deposited on a glass substrate using a laboratory spraying system. A 
precursor solution of 0.1M contains Zinc chloride (ZnCl2) salt and cobalt chloride (CoCl2.6H2O) 
mixed with the different ratio of Co: ZnO (0, 40, 100) wt.% and then dissolved in distilled water. 
The glass substrates were cleaned carefully and sonicated in ethanol to remove the 
contamination from glass substrates. The solution was sprayed on the substrate at 350 oC. The 
solution flow rate was 5 ml/min, and the carrier gas was compressed air. The nozzle to 
substrate distance was 30 cm.  

 
After the spraying process, the substrates were kept on the heater until cooled and reach room 
temperature to avoid the occurrence of any thermal stresses. X-ray diffractometer (XRD 6000, 
Shimadzu, Japan) with CuKα line radiation (λ=1.5406 Å) was used to analysis the crystalline 
structure and phases.  The morphology of prepared thin films was done by AFM (Ntegra NT-
MDT), The spectral transmission was measured using UV-VIS spectrophotometer of (Shimadzu 
3101 PC) type. 
 
 

3. RESULT AND DISCUSSION 

3.1 Structural Properties 
 

The phases of the prepared thin films and their crystallographic orientation were identified by 
XRD analysis. X-ray spectrum for Co:ZnO thin films prepared at temperature 350oC are 
presented in Fig. (1). The results pointed out that there is no unreacted phases of Zn and Co, 
thereby indicating that the Co dopant must be incorporated into the lattice as a substitutional 
atom. The presence of sharp peaks in XRD patterns demonstrates the polycrystalline nature of 
these ZnCoO thin films. (002) peak was indicating a strong orientation along the c-axis of ZnO 
with hexagonal wurtzite structure. The crystalline planes (100), (002), (101), (103), (102) all of 
the zinc oxide (ZnO) were apparent, and the preferred orientation is (002). This result is in 
agreement with the results of the published research [29].  The diffraction spectrum indicates 
that the intensity of the preferred orientation (002) decreases with loading of Co ratio.  
 
At the Co loaded the emergence of new peaks of Co3O4 was observed that overlap with the ZnO 
peaks, especially at (101) diffraction peak, which has the highest density at ratio 0.6 cobalt due 
to the overlapping of (311) peak of the Co3O4 with the (101) peak of the ZnO and this refered 
the formation of nanocomposite thin film. So, the ratio of (0.4) represents the mixing case of the 
materials because of the cobalt ion (Co+2) replacement with zinc ions (Zn+2) in the crystalline 
lattice. This may be attributed to the small difference between the ionic diameters of cobalt ions 
Co+2 (0.69 nm) and zinc ions Zn+2 (0.74) [30],. The cobalt ion has started to enter the zinc lattice 
in two ways, namely the substitution and the interstitial, which led to the formation of the Co3O4 
and this agreement with the research [25]. 
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Figure 1. XRD pattern of the Co:ZnO  thin film deposited on glass at 350 oC, (a) ZnO, (b) Co0.4Zn0.6O, (c) 
Co3O4. 

 

 

Fig. (1) indicate that Co3O4 thin film has a polycrystalline spinel cubic structure at peaks 
orientation (111), (220), (311), (222) and (400) planes with the preferred orientation of (111) 
plane and this agrees with Louardi [19]. The positions of the XRD peaks of the sample correctly 
match the standard PDF values (ICDD -International Crystal diffraction data) No. 042-1467 for 
cobalt oxide and 36-1451 for zinc oxides. 
 
Crystalline size of Co:ZnO nanocomposite thin films was estimated using Scherer's Equation 
D=0.9λ/βcos Ө,   where the shape factor is K = 0.94, λ is the wavelength of X-rays (1.5406 for 
Cukα), θ is the Bragg’s angle, β is the full width at half maximum [26]. It can be noticed from 
table (1) that the crystallite size changed with loading of cobalt. The existence of Co ions prevent 
and restricted the crystal growth, and the decreasing in crystallite size with Co content indicates 
that the increment of Co-benefits the crystallite size reduction.  
 
The values of the crystalline size are found to be varied between 33 and18 nm as Co loaded 
suggesting the formation of nanostructured CoZnO thin film. The lattice constant for (002) and 
(101, 311) peaks of the ZnO and Co: ZnO thin films are shown in the table (1). The value of 
lattice constant for pure ZnO (a, c) are (3.4979, 5.2005)Ao respectively which agreement with 
[6], while the value of a cubic Co3O4 lattice constant (a) for (111) plane is 8.095Ao as shown in 
[20]. The adding of cobalt rarely increases the lattice constant of the Co:ZnO thin films with 
respect to that the volume of Co2 + in the tetrahedral composition has a 0.69nm Ionic radius 
close to that of Zn2 + which is equal to 0.74 nm[30], thus zinc ions are regularly replaced by 
cobalt ions. 
 
Fig. (2) represents the AFM micrographs image of pure and Co-loaded ZnO films. The figure 
show nanostructure and uniform surface, and self-assembly of particles as spherical and rod 
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formation with the existence of Co. Table 2 represent the value of grain size, roughness average 
and RMS of Co:ZnO surface nanocomposite thin films is obtained from the image of 2×2 μm 
scanning area. It is clear that the grain size is increase with Co because the content of Zn2+ which 
have the larger ionic radius is greater than Co2+ content and then the grain size begin to 
decrease due to the overcome of cobalt that has smaller radius. 

Table 1 XRD data for the Co:ZnO nanocomposite thin films. 
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- 3.4979 5.2005 33.76 0.257 2.5995 (002) 34.47 ZnO 

- 3.01 5.215 24.97 0.35 2.452 (101) 36.6 Co:ZnO 

8.1323 - - 24.97 0.35 2.452 (311) 36.6 
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Figure 2.  3-D AFM image of a-ZnO, b- Zn0.6Co0.4O and c- Co3O4 thin film deposited on glass at 350 oC. 
 

Table 2 Grain size, Roughness average and RMS of Co:ZnO nanocomposite thin films measured from AFM 
image.  

 
Roughness  RMS (nm) Roughness Averag (nm) Grain size (nm)  

38.947 30.344 130 ZnO 

63.175 51.601 158 Co:ZnO 

24.542 19.684 42.8 Co3O4 

 

 

3.2  Optical Properties 
 

The transmission measurement and the estimated absorption coefficient could be shown in Fig. 
(3). Fig.(3a) represent the variation of the optical transmission spectra with the incident 
wavelength for the Co:ZnO thin films. It is clear that the optical transmittance in the visible 
region was increase while in the ultraviolet region was decrease for all thin films.  

 
The loading of Co concentration caused a gradual decrease in the transmittance spectra, and 
there is an altered in the band edge towards the longer wavelength side. This red shift of edge 
band emission assert that the band gap of Co:ZnO thin films decrease with the Co content. The 
films with Co ratio show two absorption peaks which attach with d-d electron transition of Co2+ 
in the tetragonal crystal structure. This supposes that Co2+ replace Zn2+ in the lattice 
substitutionally due to the low difference between their ionic radiuses as mention above. 
 
The absorption coefficient (α) can be calculated by using the well-known formula [27], α = (1/t) 
ln (1/T), Where (t) is a thickness of thin film, T= is a transmittance. The relation of the 
absorption Coefficient (α) against photon energy (hν) for Co:ZnO thin films are shown in Fig. 
(3b).  
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Figure 3. The optical transmission spectra (a) and Absorption coefficient spectra (b) of Co:ZnO 
nanocomposite thin films. 

 

It can be notice that the absorption coefficient gradually increasing with photon energy. Also, 
there is a sharp absorption edge in the visible region for all films. This indicates that the 
absorption band gap transitions in pure ZnO and substituted cobalt oxide thin films are direct. 
But for films with Co ratio, there is two absorption edge in the absorption coefficient spectra 
which indicating that Co2+ is substituted with Zn2+ in ZnO lattice . 

 

The optical energy gap (Eg) of thin films were deduced by plotting (αhν)2 with hν as shown in 
Fig. (4), where hν is the photon energy. The optical energy gaps of the Co:ZnO samples show 
that the band gap of ZnO can be varied by Co doping as shown in table (3), which show that the 
estimated energy gap values are decrease with Co content. The addition of cobalt content will 
produce an defects inside zinc oxide structure, this defects will create an localized states and 
hence decreased the energy gap value.   

  

   

 

Figure 4. (αhν)2 versus hν plots of Co:ZnO thin films. 

 

The low-energy shift of energy gap with Co concentration can be clarify with two reasons: (i) it 
might result from destabilization of O2– (2p6 orbitals at O2– ions adjacent to Co2+), which extends 
the valence band edge by 0.5 eV, or point defects as like nanoclusters of CoZnO; (ii) as mainly 
due to the s-d and p-d spin-exchange interactions between band electrons and localized d-
electrons of Co2+ ions substituting Zn2+ ions[1].  
 
The band gaps of Co3O4 thin films are 1.48 eV in the lower energy region and 2eV for higher 
energy region, which are consistent with the reported Co3O4 band structure. The energy of 2 eV 
is assigned to the charge transfer transition between the p states of O2- and the d states of Co2+. 

 

Table 3  Energy band gap data of Co:ZnO nanocomposite thin films. 
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4. CONCLUSION 

 

Nanocomposite Co:ZnO thin films were deposited successfully by spray pyrolysis method on 
glass substrate at  temperature of 350oC. The XRD patterns confirmed the existence of a 
hexagonal wurtzite structure and spinal cubic structure for both ZnO and Co3O4 thin films and 
the existing of cobalt is affected directly on the formed phases. The highest transmittance (80%) 
was observed in the near-infrared region of the electromagnetic spectrum. The optical 
properties results show the ability to control direct optical band gap energy by Co ratio, which 
decreases from 3.2 to 2 eV with Co concentration. 
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