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Abstract - This paper investigates the influence of RF power onto structural and optical properties of Zinc 

Oxide (ZnO) thin films. A series of ZnO thin films was prepared on the glass substrate by RF magnetron 

sputtering. ZnO is well known for various applications such as varistors, light emitting diode, gas sensor 

and much more. These applications are attributed to interesting material properties of a wide and direct 

band gap (3.37 eV) and high exciton binding energy (60 meV). X-ray diffraction (XRD), UV-Vis 

spectrophotometer and profilometer were used to check the effect of the different RF power on the structural 

and optical thin films. The increased of RF power resulted in the increase of the growth rate, where the 

film deposited at 175 W shows higher growth rate at 6.6 nm/m. All films are polycrystalline with (002) 

preferential orientation with high optical transparency approximately >80% in visible range. The intensity 

of film increase as the RF power increase but decrease for the film deposited at 175 W because the reaction 

rate at this power is very fast and cause the severe surface damage, resulting in the poor crystalline quality. 

The estimated band gap ≃ 3.25 eV was obtained. Copyright © 2016 Penerbit Akademia Baru - All rights 

reserved. 
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1.0 INTRODUCTION  

ZnO may be great known to different applications, for example, a varistors, gas sensors and 
transparent conductors for thin film transistors and solar cells. Alternative rising applications 
incorporate light emitting diode (LEDs), laser diodes (LDs) and light detectors. These applications 
are credited to fascinating material properties of a wide and direct band gap (3.37 eV) , high exciton 
binding energy [1-2],  high thermal and mechanical stability at room temperature make it attractive 
for potential use in electronics, optoelectronics and laser technology [3]. Different deposition 
techniques were utilized for the preparation of ZnO thin film such as magnetron sputtering, spray 
pyrolysis, pulsed laser deposition, electron beam evaporation, and sol-gel method [4-7]. Among 
these processes, the sputtering process is the most encouraging technique for depositing ZnO thin 
film. Those favorable circumstances for sputtering are the basic mechanical assembly, good 
surface flatness, high deposition rate, dense layer formation, transparency, and its potential for 
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low-temperature processing [8-9]. The qualities of ZnO thin films are for the most part influenced 
toward preparation condition, for example, working pressure, type of substrate, the thickness of 
the films and deposition methods [8, 10].  In this study, the ZnO thin film was set up by a sputtering 
method and considered the impact of RF sputtering power on structural and optical properties. 
ZnO films were deposited by RF magnetron sputtering from a zinc oxide target under pure Ar 
atmosphere. The direct influence of RF sputtering power on the structural and optical properties 
of ZnO film is investigated in this study. The properties of the ZnO films were studied employing 
x-ray diffraction (XRD), UV-Vis spectrophotometer and profilometer. This research was done in 
order to determine the optimum RF sputtering power which will be used for our further research 
on hybrid device. 

2.0 EXPERIMENTAL PROCEDURES  

ZnO film was deposited on microscope slide glass by RF powered magnetron sputtering equipped 
with 3 inches diameter ZnO target of 99.99% purity. The substrate was initially cleaned with 
distilled water, ethanol and acetone in an ultrasonic bath for 3 minutes, 3 times for each solution. 
After that, the substrates were rinsed with distilled water and dried it with nitrogen gas before 
deposition. The substrate cleaned process was to remove grease and organic contaminations. The 
sputtering process is carried out with argon gas that flows from 10 to 30 sccm. The substrate 
rotation, deposition time and working pressure were fixed at 5 rpm, 25 minutes and 3 x 10 -3 torr, 
respectively.  The sputtering was carried out at room temperature and the RF sputtering power was 
varied from 75 to 175 watt.  The thickness of the film was measured by a NanoMap LS500 
Profilometer. The structural and crystalline properties of thin films was analyzed using X-Ray 
Diffraction Philips Expert Pro. The UV-Vis Spectrometer Lambada EZ210 was used to evaluate 
optical properties of ZnO thin films. 

3.0 RESULTS AND DISCUSSIONS 

3.1 Growth characteristics     

 

Figure 1: Dependence of the growth rate on the sputtering power for ZnO films 
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Figure 1 shows the growth rate are influenced by the sputtering power where the  growth rate 
increase from 33 nm/m to 56 nm/m when the RF power increase from 75 W to 175 W. This 
situation occur due to higher number of the argon ion in the plasma at higher RF power so that 
more ions accelerated and hit the target hence there will be more sputtered atoms [1]. Other than 
that, at the higher RF power, the bombarding ions have higher kinetic energy due to momentum 
transfer, so that more atoms will be sputtered out [11]. The sputtered atom get higher energy at 
higher RF power and resulted the higher ZnO molecules arriving at substrate compare at lower RF 
power deposition and its contributes to the film growth [12]. 

3.2 Structural Properties  

 

Figure 2: XRD diffraction pattern of the ZnO thin films deposited at different RF powers 

  

Figure 3: The estimated grain size and the variation of full-width half maximum (FWHM) of 
ZnO (002) diffraction peak at different RF power 

Figure 2 shows the XRD spectra of the prepared ZnO thin films as the RF power change from 75 
W to 175 W. ZnO thin films with different RF power were successfully deposited onto the glass 
substrate with strong (002) preferential orientation along c-axis due to the lowest surface free 
energy of (002) plane in ZnO. Figure 3 shows the crystalline grain size and fully width half 
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maximum values (FWHM) for the prepared ZnO thin films at different RF power. With the 
increase of the RF power, an increase in the intensity together with a slight decrease in FWHM of 
(002) peak observed. However, FWHM for the film deposited at 175 W is slightly increased. The 
increase of FWHM at 175 W has happened when high RF power induced the faster reaction rate 
and the severe surface damage, resulting in the poor crystalline quality. Peak full width at half 
maximum β is related to the mean crystallite size of the films that can be calculated through the 
Scherrer’s formula [13]:  

� =  
��

� �	
 �
                                                                                                                                    (1) 

       

Where k is a shape factor with the value of k = 0.94 for cubic crystallites. λ,  β, and ϴ are 1.54056 
Å, observed FWHM and Bragg diffraction angle, respectively. The result is shown ZnO film 
deposited at 150W exhibit the highest value of the crystalline size of 34.6 nm which consistent 
with the value shown in Figure 2, with films deposited at 150 W shows the FWHM 0.24, have 
better crystalline quality. 

3.3 Optical Properties 

 

Figure 4: (a) optical transmittance spectra of ZnO thin films (b) plots (αhV)2 vs photon energy 
for ZnO thin films deposited on glass substrate at RF power of 75 W- 175 W 

Figure 4(a) shows the transmittance spectra as a function of wavelength in the visible spectrum for 
the samples deposited at different sputtering power. The optical transmittance was measured using 
a UV-Vis spectrophotometer in the frequency range of 300-900 nm. The samples thickness ranged 
between 150 nm to 350 nm measured by a profilometer. All the thin films exhibited approximately 
80% transmittance, and better transmittance was obtained in the blue range rather than the in the 
red range. The estimated energy band gap of ZnO can be obtained from Tauc plot using the Tauc 
relation [14]: 

(αh�)1/2 =  (h� –  Eg)                      (2) 
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Here, A is a constant and hv are the quantum energy (eV). The absorption coefficient α can be 
calculated by using the transmittance (T) and the thickness (d) of the thin film. 

T = exp (−αd)                 (3)  

Figure 4(b) shows a graph of the quantum energy (hv) versus absorption coefficient (αhv)2 for the 
film at 150 W. Based on the tangent of each group, the value of the energy band gap (eV) was 
obtained, which satisfy the equation (αhv)1/2 = 0. As fig. 4(b) shown, the energy band gap was 3.25 
eV were obtained. 

3.4 Surface Morphology 

Figure 5: Comparison of surface morphology and RMS obtain from profilometer 3D image for 
ZnO thin films 

Thin films deposited at 75 W- 175 W 

75 W 

 

Average of RMS : 1.33 

100 W 

 

Average of RMS : 1.42 

125W 

 

Average of RMS : 1.53 

150W 

 

Average of RMS : 1.83 
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175W 

 

Average of RMS : 1.73 

 

Figure 6: RMS of ZnO thin film with different RF power 

Figure 5 shows the profilometer images of ZnO thin films deposited at different sputtering RF 
power. ZnO films show different surface roughness and root mean square (RMS) under different 
deposition conditions. The root mean square (RMS) of 1.33, 1.42, 1.53, 1.83 and 1.73 for films 
prepared at RF power of 75 W, 100 W, 125 W, 150 W and 175 W, respectively. Root mean square 
(RMS) increased with the increased RF power of the prepared films as shown in Figure 6.  The 
increasing value of root mean square (RMS) were indicating that the grain size on the top of the 
ZnO films increased with increasing the RF power, agree with XRD measurement, show that larger 
grain size may induce the rougher surface [9]. 
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4.0 CONCLUSIONS 

The RF power for ZnO thin films has been studied. The result shows growth rate for ZnO thin film 
deposited on the glass substrate was influenced by the different RF power. Structural analysis of 
ZnO thin film revealed films are polycrystalline with (002) orientation with crystallite size 
increasing on high RF power while the optical transmission pattern shows the fully transparent 
film with high transparency achieve. 
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