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In the present work, Zinc oxide (ZnO) thin films have been deposited on glass substrates 
from room temperature to 673K by using DC magnetron sputtering. Structural properties 
have been studied by X-ray diffraction (XRD) technique. The preferred orientation for 
ZnO thin films lies along (0 0 2) direction. From XRD data, the average crystallite size is 
determined from scherrer formula. The surface morphology and roughness of the films 
were characterized by Scanning electron microscopy (SEM) and atomic force microscopy 
(AFM). SEM images shows that grain sizes of Zinc oxide thin films is found to be in the 
range of 15-28nm. 
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 1. Introduction 
 
Zinc oxide (ZnO) is an n-type II-VI semiconductor with a wide and direct band-gap (Eg 

=3.3eV at room temperature). It has a wurtzite type crystal structure with a hexagonal symmetry, 
lattice constants a= 0.325nm, c=0.521 nm and melting point 2248K. The electron Hall mobility at 
300K reaches 200 cm2V-1S-1 (me

* = 0.59) and hole mobility 5-50cm2V-1S-1(mh
*=0.59). The 

refractive index of ZnO is in the interval 2.008~2.009[1]. ZnO has a high exciton binding energy 
(EB=60meV). Due to the wide Eg and high EB, ZnO is a promising candidate for optoelectronics 
devices of short wavelength at room temperature.  ZnO films have piezoelectric properties when 
the crystallites have the c-axis perpendicular to the substrate. As a piezoelectric material it has 
been used in surface acoustic wave (SAW) filters/resonators, micro actuators and acoustic-optic 
devices [2-4]. ZnO-based structures have been used for development of UV/blue LEDs [5], laser 
diodes [6], UV photo detectors (Schottky, MSM) [7, 8], transparent field-effect transistors 
(TFETs) [9], biomedical sensors, solar cells [10] and saw filters [11].  

A number of techniques have been involved for fabrication of ZnO thin films, including 
chemical vapor deposition, sol-gel, spray-pyrolysis, molecular beam epitaxy, pulsed laser 
deposition, vacuum arc deposition, and magnetron sputtering [12-18]. Among the methods, 
magnetron sputtering has several advantages, such as low processing temperature, good adhesion 
of films on substrates, very good thickness uniformly, high deposition rate and high density of the 
films with relative ease of scaling to large areas. It is also a simple process, and the process 
parameters are easy to control. In the present investigation ZnO thin films were deposited by dc 
magnetron sputtering. The crystalline structures and surface morphology were studied by X-ray 
diffraction (XRD), Scanning Electron Microscope (SEM) with EDAX and Atomic Force 
Microscopy (AFM).  
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2. Experimental details 
 
Zinc oxide thin films thin films were prepared by DC reactive magnetron sputtering. High 

purity metal target of Zinc (99.999%) with 2 inch diameter and 4mm thickness are used for 
deposition on glass substrates. The base pressure in chamber was 5X10-4Pa and the distance 
between target and substrate was set at 60 mm. The glass substrates were ultrasonically cleaned in 
acetone and ethanol, rinsed in an ultrasonic bath in deionized water for 15 min, with subsequent 
drying in an oven before deposition. High purity (99.999%) Ar and O2 gas was introduced into the 
chamber and was metered by mass flow controllers for a total flow rate fixed at 30sccm. 
Deposition was carried out at a working pressure of 1Pa after pre-sputtering with argon for 10min. 
For the Zinc oxide thin films deposition, O2 flow rate is 2 sccm and the deposition time is 25min. 
The sputtering power was maintained at 110W during deposition.  

The depositions were carried out from room temperature (RT) to 400oC. Film thickness 
was measured by Talysurf thickness profilometer. The resulting thickness of all the films is about 
600nm. XRD patterns of the films were recorded with the help of Philips (PW 1830) X-ray 
diffractometer using CuKα radiation. The tube was operated at 30 KV, 20mA with the scanning 
speed of 0.030(2θ)/sec. Surface morphology of the samples has been studied using HITACHI S-
3400 Scanning Electron Microscope (SEM) with Energy Dispersive Analysis of X-rays (EDAX). 
EDAX is carried out for the elemental analysis of prepared samples.  The surface roughness of 
ZnO films were examined by atomic force microscopy (AFM; Veeco Instruments Inc, USA)  

 
3. Results and Discussion 
 
Figure 1(a)-(e) shows the X-ray diffraction(XRD) patterns of ZnO thin films deposited on 

glass substrate from 303K (room temperature, RT) to 673K.The X-ray diffractions have been 
performed for diffraction angles between 10 oC to 70 oC . The (0 0 2) diffraction peak at about 
34oC could be found for all the films.  The films exhibit the preferred c-axis orientation due to the 
minimal surface energy in the ZnO wurtzite structure. The crystallites are highly oriented with 
their c-axes perpendicular to the plane of the substrate. The average crystallite size D, was 
evaluated from the full-width-half-maximum (FWHM) value of the (0 0 2) reflections using the 
Scherrer equation: 
  

                                                          D= 0.9λ/(β cosθ)                                                               (1) 
 
         Where β is angular FWHM of the diffraction line in radians, and λ is the X-ray wavelength. 
The film stress σ, parallel to the film surface was calculated using the relation [19]. The calculated 
average crystallite size from XRD (DXRD) was found to be in the range of 13-36nm. It is observed 
that the crystallite size increases with increase of substrate temperature.  The increase of the 
crystallite size and the improvement of the crystallinity are responsible for the decreasing the 
resistivity due to diminishing in grain boundary scattering. The film stress parallel to the film 
surface was calculated using the relation [22]. 
 

          σ = [2 C2
13 –C33 (C11+C12) (c-co) / (2C13) co] = -233[(c-co)/co]                    (2)  

                             
         Where Cij coefficients are the elastic stiffness constants of ZnO single crystals: C11 = 208.8 
GPa, C12 = 119.7 GPa, C13= 104.2 GPa, C33= 213.8 GPa, c and co are the measured and stress free 
c-axis lattice constants respectively. The negative sign equation (2) corresponds to compressive 
stress. The c value calculated from the (0 0 2) reflection peak using Bragg’s law and the co value 
was 0.5206nm using the diffraction wavelength [20]. The film stress values shown in table 1 have 
a tensile stress for 303K, 373K and 473K substrate temperatures, whereas for the thin films 
deposited at substrate temperatures 573K and 673K has compressive stress. 
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Table.  1. Effect of substrate temperature on structure parameters of nanostructured ZnO thin films  
 

S.No Substrate 
Temperature(K) 

Stress 
(GPa) 

D XRD 
nm 

1 303 1.16 13.5 
2 373 0.62 18.6 
3 473 0.13 21.1 
4 573 -0.26 27.4 
5 673 -0.53 36.1 
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Fig 1. XRD patterns of nanostructured ZnO thin films at various substrate temperatures: (a) 303K 
(b) 373K  (c) 473K (d) 573K and (e) 673K 
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          SEM images of nanostructured ZnO thin films deposited on glass substrate at temperatures 
303K, 373K, 473K, 573K and 673K are shown in figure 2(a) – 2(e).  Figures 2(a) and 2(b) shows 
nanoclusters with small grains inside. With increase of substrate temperature SEM images shown 
in figure 2(c) -2(e) have a regularly shaped grains. The average grain size is found to be 15.3nm, 
18.5nm 20.2nm, 23.4nm and 28 nm respectively for 303K, 373K, 473K, 573K and 673K. EDAX 
plots with their elemental compositional data are shown in figure 3(a) - 3(e). Similar results were 
obtained by Zhenwei Li et al [21]. 
 
 

                           
                                           a                                                                   b 
 

            
                                           c                                                                   d 
 

                                           
 

e 
 
Fig 2.  SEM images of nanostructured ZnO thin films obtained at substrate temperatures: (a) 303K (b) 373K 

(c) 473K (d) 573K and (e) 673K 
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Fig 3.  EDAX plots of nanostructured ZnO thin films at different substrate temperatures :(a) 303K (b) 373K 
(c) 473K (d) 573K and (e) 673K 

 
         The AFM analysis provides measure of surface roughness and average grain size with data 
accuracy of  ±0.3nm. Figure 4(a)-4(d) shows typical surface AFM images (in three-dimensional 
and two-dimensional) of ZnO films deposited on glass substrate at  373K, 473K, 573K and 673K 
substrate temperatures.  The surface roughness was measured over 1µ X 1µ regions. The scale at 
the left corner of each AFM image indicates the range from the lowest point to the highest grain 
peak. In Table 1the average surface roughness (RMS) values and the average surface grain 
diameters are listed.  The RMS values are found to be 8.07nm, 8.48nm, 9.48 nm and 10.7 nm 
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respectively for thin films deposited at 373K, 473K, 573K and 673K substrate temperatures. The 
average grain size is in the range 14nm-31nm, increasing with substrate temperature.  

                 

Fig 4 (a) 

 

                       Fig 4 (b) 

 

                           
Fig 4 (c) 

 
 

                        Fig 4 (d) 
 

Fig 4.  AFM images of the surface of ZnO thin films deposited at substrate temperatures (a) 373K 
(b) 473K (c) 573K and (d) 673K 
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4. Conclusion 
 
ZnO thin films were deposited onto glass substrate with DC reactive magnetron sputtering. 

All films had a nanostructured feature and showed (0 0 2) plane preferential orientation. SEM 
images of films deposited at higher substrate temperature shows a clear uniform grains. From 
AFM, the surface morphology becomes smoother for samples grown at higher substrate 
temperature that may originate from a decrease in the films’s grain size due to the thermal energy 
provided from more intensive bombardment. The substrate temperatures have a significant 
influence on the preferential orientation of crystalline structure and formation of nanostructures. 
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