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ABSTRACT 

In this research the effect of metal doped with cobalt (Co) on the structure properties was studied for 

pure zinc oxide (ZnO) and ZnO doped with (6,9%) weight percentage  of Cobalt deposit on glass 

substrate by using pulsed laser deposition (PLD) with preparation condition with vacuum pressure 

(10-5mabr) , temperature (2500C) , laser energy (100mJ) and wavelength (1064 nm) of  Nd:YAG laser. 

The structure properties investigate by (XRD, AFM, SEM, and EDX). Results showed the grains have 

rod-like structure and wurtzite phase, while EDX showed the presence of ZnO with grain size value 

between (46.98-56.57) nm. grain size decreased after doping (6-9 %Co) 

 

KEYWORDS: ZnO,Co-Doping,Stractural properties,PLD,thin film. 

 
INTRODUCTION 

 
Laser was first demonstrated in 1960. Since then it has been developed into a powerful tool in many 

application. It is especially useful in material processing [1]. Laser possesses many unique properties such as 
narrow frequency bandwidth, coherence and high power density. Often the light beam is intense enough to 
vaporize the hardest and most heat resistant materials. Besides, due to its high precision, reliability and spatial 
resolution, it is widely used in the industry for machining of thin films, modification of materials, material 
surface heat treatment, welding and micro patterning. Apart from these, poly component materials can be 
ablated and deposited onto substrates to form stoichiometric thin films. This last mentioned application of laser 
is the so-called pulsed laser deposition (PLD) [2][3]. 

In general, the idea of PLD is simple. A pulsed laser beam is focused onto the surface of a solid target. The 
strong absorption of the electromagnetic radiation by the solid surface leads to rapid evaporation of the target 
materials. The evaporated materials consist of highly excited and ionized species. They presented themselves as 
a glowing plasma plume immediately in front of the target surface if the ablation is carried out in vacuum. The 
interaction of laser ablation plumes with a background gas is of importance in PLD, nanoparticles formation and 
growth [4]. Compared with expansion into a vacuum, the interaction of the plume with an ambient gas is a far 
more complex gas dynamic process due to the appearance of new physical processes such as deceleration, 
thermalization of the ablated species, interpenetration, recombination, formation of shock waves and clustering 
[4]. Optimal properties of films deposited by PLD require the use of a background gas to obtain high-quality 
films, with both high conductivity and transparency [6]. This paper is devoted to the study of Co doped ZnO 
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thin films using PLD method. The structural, morphological and morphological characterization was carried out 
by using X-ray diffraction (XRD), scanning electron microscopy (SEM). 

 
Theory: 

To calculate constructively the spacing (d) between diffracting planes in a few specific directions, 
determined by Bragg's law [7][8]: 
 
2dsinθ= n λ                     (1) 

 
Where  θ is  the  Bragg  angle, n is  any  integer,  and  λ  is  the  wavelength  of  the  beam of X-Ray, 

λ=0.15406nm.  These  specific  directions  appear  as  spots  on  the  diffraction pattern called reflections. The 
lattice constants (a and c) can be found from the equations [9]: 

 
 

a   =   λ /3sinθ 
                                                      (2) 
c   =   λ / sinθ 

     
 
Where a  and c are the lattice constants.    
The shape  factor is used in X-ray  diffraction and crystallography to correlate  the size of sub- micrometer 

particles, or crystallites, in  a  solid  to the broadening of a peak in a diffraction pattern. In the Scherer equation 
[10]: 
 

    BB
G

θ
λ
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where 0.89 is the shape factor, denoting the ratio of a particle's major dimension to its minor dimension , λ 

is the X-ray wavelength, β is the line broadening at half the maximum intensity (FWHMXπ/180) in radians,  and  
θ  is  the Bragg angle; [8] G  is  the  mean  size  of  the  ordered(crystalline) domains, which may be  smaller or 
equal to the  grain size.  

The strain  can be calculated by using the relation [11] 
      

Ɛ =    β cosθ /4                        (4) 
    
           The dislocation density (ä) known as the length of dislocation lines to crystal size (considered as the 

value of defect in samples) can be found by using the relation [12] 
 

δ = 15. Ɛ / a  . G                 (5) 
 

MATERIALS AND METHODS 
 
The preparation technique of series of CuxZn1-xO thin films are (x=0, 0.04, 0.06, 0.07, 0.09) where the 

characterization techniques are described. 
To preparation nanoparticles thin films, we used the PLD system, its consist of main parts shows in figure 

(1). Vacuum chamber, Q- switched Nd:YAG Laser, lens with focal length (30)cm, Quartz window, pressure 
monitoring, rotary pump, diffusion pump and Ar gas bottle. To preparation nanoparticles thin films used the 
following steps: 

1- Cleaned the vacuum chamber by acetone. 
2- Put glass Slides on a slides holder so that it is against the target on the rotated target holder and the 

distance between the target and the Slides 3 cm. 
3- The Nd:YAG Laser radiation is focused by lens with focal length 30cm on the surface of a rotated 

target at the incident angle of approximately 45°. 
4- Closed the vacuum chamber, close all valves and started the process of creates a vacuum , initially 

rotary vane pump which creates a vacuum of ~10-3 mbar, diffusion pump becomes operational and can create a 
vacuum up to ~10-6 mbar. 

5- The substrate heated to (250oC) by using Halogen lamp to improve the adhesion of deposited material. 
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6- After reaching the desired vacuum, vacuum chamber valve open and give laser pulses plasma column 
consists that contains nanoparticles which are deposited on the slide. The PLD thin films were analyzed by 
AFM, XRD 

 
Fig. 1: PLD system Set-Up 

 
RESULTS AND DISCUSSION 

 
The X-ray diffraction showed in Figure (2) of ZnO thin films prepared with laser energy (1000mJ) and 

1064 nm wavelength , the films were polycrystalline in hexagonal phase, notice that appearing new peaks of 
cubic phase represent with level (101)and angle 43.90 as compared with standard value, and have the same 
thickness at room temperature, the result of x-ray diffraction showed the peak position with miller indices 
(002),(100),(110),(101),and (102) with grain size value between  (46.98 - 56.57)nm and there where shifting in 
peaks position , the highest value where for level (002)  and its  lattice constant (a and c )where close to the 
standard value. The grain size was measured by using Scherer equation. The parameters of x-ray diffraction 
such grain size, intensity bond length, dislocation density and other showed in table (1) for (002) direction.  

 

 
 
Fig. 2: X-ray diffraction of ZnO thin films 

 
Figures (3 )and figure (4)  showed the x-ray diffraction of ZnO doped Co  with weight percentage (6,9)% 

respectively with laser energy (1000mJ )  and wavelength (1064 nm), from the figures notice that after doping 
the intensity of peaks increased special direction (002) and also (100),(101), (110), the increased in the height of 
peaks indicates to the high crystalline of the  films and decreased crystal defect , and also notice increased in the 
value of (FWHM) and decreased in the grain size and there where shifting in the peaks position after doping 
because of the substitution of  Zn+2 Co+2 ions because of   the same atom size. The grain size decreased after 
doping to (46.85 and 44.47) for (6 and 9) % respectively, the grain size was measured by using Scherer 
equation. The parameter of x-ray diffraction such grain size ,intensity bond length , dislocation density and other 
showed in table ( 1 )for (002) direction.  
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Fig. 3: X-ray diffraction of ZnO + Co (6%) thin films 
 

 
 

Fig. 4: X-ray diffraction of ZnO + Co (9%) thin films 
 

Table 1: indicates the x-ray diffraction of ZnO and ZnO doped Co parameters 
sample 2 θ d A β hkl g.s (nm) I ƹ a c δ L 
ZnO 35.15 2.5509 0.15 002 56 400 0.0355 2.8289 4.8998 0.0334 1.5435 
ZnO+Co %6 34.83 2.5737 0.15 002 55.98 450 0.0357 2.9733 5.1500 0.0323 1.7256 
ZnO+Co %9 34.6 2.6201 0.25 002 55.96 430 0.0597 3.0269 5.2428 0.0524 1.7960 

 
The results of  topography surface as showed in figure (5) of ZnO thin films by using atom force 

microscopy (AFM) on glasses substrate prepared with laser energy (1000mJ)  ,wavelength (1064 nm) , and (250 
C0)temperature notice that the surface grains of the  film have high homogeneity with mean grain size (86 nm) 

 

 
Fig. 5: AFM of ZnO   thin films 

 
After doping Co with weight percentage (6 and 9 )% notice that from surface topography of the film when 

doping with 6% the grain have a high homogeneity with mean grain size (85.2nm) , while at 9% the mean grain 
size where (70.12nm) , and notice that the surface roughness  and grain size decreased after doping . The Varity 
in the height of nanostructure because of the formation of aggregations .as showed in figures (6) and (7). 
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Fig. 6: AFM of ZnO + Co (6%)   thin films 

 

 
Fig. 7: AFM of ZnO + Co (9%)   thin films 

 
The topography surface of ZnO thin film was examined by using scanning electron microscopy (SEM), 

from the image in figure (8) we notice that the Nano grains have a good homogeneity with some vacancy 
between the grain in the high layer with presence some height appeared in white color , where the shape of 
particle determines by the laser  incident angle, and  according to its  height and low from the surface, from the 
figure resulted that the grain rod-like structure .where it in grain growth stage , prefer  in the vertical on base  
direct  that indicate to c-axis ,the diameter value (31-22 nm) , which proved grown of wurtzite structure . While 
EDX diagram showed the presence of ZnO. 

 

 
Fig. 8: SEM of ZnO  thin films 

 
Figure (9) (10) showed ZnO doping with Co notice that the nano grain where more homogeneity with 

presence Nano accumulation resulted from clustering or aggregation at doping percentage  6%, the rate of large 
particle were very low around (5%) while doping with (9%) the particles more packing and homogeneity with 
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appearing some large spherical form clusters because the spherical shape need low energy to formed , also 
notice the grain size decreased when doping percentage increased because increased neutral center . The EDX 
diagram didn’t show other phase which prove the doping where substitution and no interstitial, also the grain 
size decreased to become around (14-30 nm). 

 

 
Fig. 9: SEM of ZnO + Co (6%)   thin films 

 

 
Fig. 10: SEM of ZnO + Co (9%)   thin films 

 
Conclusion: 

Co doped ZnO thin films were successfully prepared by using PLD method. The XRD results show 
hexagonal wurtzite crystal structure with a Preferred direction of (002) plane. 

At the lower value of grain size, the quality of the film was better. The SEM images show the higher 
uniformity, less porosity and smaller grain size in highly doped samples. The results can be summarized as: 

 
1- Co doping lead to decreasing in grain size because of increasing in nucleation centers. 
2- Co doping lead to crystallization enhancement and decrease of defects.  
3- Surface roughness and grain size decreased after doping, with some aggregations. 
4- This method leads to formation of grains that have rod-like structure. 
6- Presence nano accumulation resulted from clustering or aggregation at doping percentage 6%. 
7- The grain size decreased to become around (14-30 nm) with Co doping.  
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