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Abstract 

This paper is aimed to synthesize reactive sputtered ZnO coatings at altered RF powers of 50W, 75W, 100W and 125W and 

study it’s, optical structural and wettability properties. For characterization of ZnO coatings, X

technique was used. XRD graphs indicate 

power from 50W to 125W. ZnO thin films become well crystalline with 

along (002) texture is observed. Surface energy and 

goniometer. UV-Vis-NIR spectrophotometer was utilized to differentiate optical properties of zinc oxide films
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Introduction 

Wettability can be defined by the contact angle formed amongst 

a solid surface and liquid. The ability to control contact angle is 

important for many chemical, electronic, and biological 

applications
1,2

. Wettability property is also affected by 

content of surface as well as its topographical features

inspiring self-cleaning phenomenon is observed in nature 

referred as lotus leaf effect
8
. In the last decade

with interest and specific focus on controlling wettability of the 

surface that is affected by surface roughness as well as its 

surface energy
9
. 

 

As their electronic and optical properties are excellent they have 

several potential applications in nano scale 

diodes, and transistors, crystalline nanostructures of ZnO are 

gaining peculiar interest among the semiconductor oxides

ZnO is widely investigated as a conductive and nano

material due to its usual properties like a wide band gap (3.3

and transmittance in visible span and high

stability
12,13

 which crystallize as wurtizite hexagonal structure

 

The nano-structured ZnO thin film was deposited as 

needles, nano nails, nano clusters, nano rod arrays, etc. Lately, 

wettability properties of nano structured ZnO thin film has 

found a lot of interest in exploring its good perspectives as an 

industrial application
15,16

. Super hydrophobic

becoming popular amongst industrialists and academician 

because of its exceptional properties like self-

anti--sticking, and anti-contamination
17

. Nowadays, 

thin films are explored for its applications in sensors a

transducers
18

. It has excellent piezoelectric properties and 

electromechanical coupling coefficient, they have been used to 

fabricate surface acoustic saw devices used for 

communication
19

. 

Sciences _________________________________________

(2017) 

Association   

Synthesis and studies of sputter deposited ZnO f
Pranav Y. Dave

1
 and Sushant K. Rawal

2* 

Gujarat Forensic Science University, Sector-9, Gadhinagar-382007, Gujarat, India

Manufacturing Research Institute, Mech. Eng. Dept., McMaster University, Main Street West, Hamilton, Ontario, L8S 4L7

sushantrawal@outlook.com 
 

Available online at: www.isca.in, www.isca.me 
November 2016, revised 30th January 2017, accepted 11th February 201

This paper is aimed to synthesize reactive sputtered ZnO coatings at altered RF powers of 50W, 75W, 100W and 125W and 

study it’s, optical structural and wettability properties. For characterization of ZnO coatings, X-

used. XRD graphs indicate evolution of (002) peak and (100) peak for ZnO thin films with an 

power from 50W to 125W. ZnO thin films become well crystalline with rising the RF power and preferred orientation of ZnO 

rved. Surface energy and contact angle of ZnO films were determined by contact angle 

NIR spectrophotometer was utilized to differentiate optical properties of zinc oxide films

Sputtering, XRD, Wettability, Contact Angle. 

Wettability can be defined by the contact angle formed amongst 

a solid surface and liquid. The ability to control contact angle is 

, electronic, and biological 

. Wettability property is also affected by chemical 

content of surface as well as its topographical features
3-7

. An 

cleaning phenomenon is observed in nature 

decade research is done 

nd specific focus on controlling wettability of the 

surface that is affected by surface roughness as well as its 

As their electronic and optical properties are excellent they have 

 sensors, UV laser 

diodes, and transistors, crystalline nanostructures of ZnO are 

interest among the semiconductor oxides
10,11

. 

ZnO is widely investigated as a conductive and nano-structured 

its usual properties like a wide band gap (3.3eV) 

high-electrochemical 

hexagonal structure
14

. 

ZnO thin film was deposited as nano 

arrays, etc. Lately, 

ZnO thin film has 

found a lot of interest in exploring its good perspectives as an 

Super hydrophobic surface is 

becoming popular amongst industrialists and academician 

-cleaning, de-icing, 

. Nowadays, zinc oxide 

thin films are explored for its applications in sensors and 

. It has excellent piezoelectric properties and 

, they have been used to 

fabricate surface acoustic saw devices used for 

In this present paper, zinc oxide nanocrystalline

synthesized at various values of RF power by radio frequency 

(RF) reactive sputtering technique. ZnO films of different 

thickness were developed at different RF power values and its 

effect on its various properties are reported in this paper.

 

Materials and methods  

Nanocrystalline ZnO coatings were reactively sputtered in 

cylindrical compartment (Excel Instruments, India). The target 

of zinc had 50.8mm diameter and 99.99% purity which was 

used for sputtering process. Argon was used as inert gas and 

oxygen was used as a reactive gas to develop ZnO films.  The 

flow of gases was controlled by MFC (ALICAT instruments, 

USA). Distance between substrate and 

for all cases, gas pressure was also constant at 1.0Pa. For 

different RF power of 50W, 75W, 

sputtering was done at fixed deposition time of 60minutes and 

deposition temperature of 500ºC. 

 

Zinc oxide thin films were examined for structural properties by 

XRD (Bruker D2 phaser, advance diffractometer). The contact 

angle goniometer (Rame-Hart model 290) was utilized to 

determine contact angle between water and ZnO films. For 

measuring the optical absorption and transmission of ZnO films 

surface, UV-Vis-NIR spectrophotometer (Shimadzu, model 

UV3600 plus) was used. 

 

Results and discussion 

XRD pattern for ZnO coatings developed at different RF powers 

of 50W, 75W, 100W, and 125W respectively is shown in 

Figure-1. XRD pattern shows (002) and (100) diffraction peaks 

of ZnO coatings. The intensity for (002) peak rises with an 

increase in power from 50W to 125W. 
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ray Diffractometer (XRD) 

of (002) peak and (100) peak for ZnO thin films with an increment of RF 

the RF power and preferred orientation of ZnO 

angle of ZnO films were determined by contact angle 

NIR spectrophotometer was utilized to differentiate optical properties of zinc oxide films. 

nanocrystalline thin films are 

synthesized at various values of RF power by radio frequency 

(RF) reactive sputtering technique. ZnO films of different 

developed at different RF power values and its 

effect on its various properties are reported in this paper. 

ZnO coatings were reactively sputtered in 

compartment (Excel Instruments, India). The target 

of zinc had 50.8mm diameter and 99.99% purity which was 

process. Argon was used as inert gas and 

was used as a reactive gas to develop ZnO films.  The 

flow of gases was controlled by MFC (ALICAT instruments, 

between substrate and target was fixed at 50mm 

for all cases, gas pressure was also constant at 1.0Pa. For 

50W, 75W, 100W and 125W, the 

sputtering was done at fixed deposition time of 60minutes and 

Zinc oxide thin films were examined for structural properties by 

XRD (Bruker D2 phaser, advance diffractometer). The contact 

Hart model 290) was utilized to 

determine contact angle between water and ZnO films. For 

measuring the optical absorption and transmission of ZnO films 

NIR spectrophotometer (Shimadzu, model 

XRD pattern for ZnO coatings developed at different RF powers 

and 125W respectively is shown in 

1. XRD pattern shows (002) and (100) diffraction peaks 

of ZnO coatings. The intensity for (002) peak rises with an 

in power from 50W to 125W. Similarly, the evolution 
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of weakly crystalline (100) peak is observed at RF power values 

of 100W and 125 W.S. Flickyngerova et al.
20

 had prepared ZnO 

coatings at altered RF power and voltage. They found very high 

intense ZnO (002) peak with rise in power, the intensity of (100) 

peak decreases with voltage bias. They concluded that with less 

negative bias voltage along with high RF power, ZnO thin film 

gets wurtzite structure having (002) and (100) peaks with good 

crystalline structure. They had also found that upsurge in RF 

power reveals a rise in natural intensity for its XRD peak and 

improves crystallinity of films. R. Ondo-Ndong et al.
21

 had 

formed ZnO thin film on different substrates by RF sputtering 

process to study deposition rate at different temperature and a 

different rate of distance between substrate and target material. 

They observed (002) peak with high intensity, good 

homogeneity, and high crystallinity. The intensity of (002) peak 

increased as the substrate temperature was increased and found 

improvement in the films crystallinity. So the evolution of (100) 

and (002) textures of ZnO coatings developed at altered RF 

power are consistent with the above cited literature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure-1: XRD graphs of ZnO coatings developed at diverse 

RF power. 

 

In Table-1, the calculation of average grain e size (d) of ZnO 

coatings found from Scherrer formula
22

 is mentioned. The 

average grain size of ZnO coatings increase from 18 to 25nm 

with increasing power from 50W to 125W. The (002) 

diffraction peak of ZnO coatings becomes narrow with high 

intensity due to rise in power which results in larger grain size. 
 

Table-1: The computed values for ZnO coatings. 

RF Power 

(in Watt) 

Name of 

Sample 

Avg. d(XRD) 

(nm) 

Refractive 

Index (n) 

Thickness 

from %T data 

50 50W 18 1.60 779 

75 75W 20 1.62 854 

100 100W 24 1.65 1078 

125 125W 25 1.70 1260 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure-2: Transmittance of ZnO coatings developed at diverse 

RF power. 

 

Figure-2 shows the spectral transmittance of zinc oxide thin 

films developed at several RF power. Thickness of zinc oxide 

coatings was computed from the transmittance as reported in 

literature
23

. Thickness of zinc oxide coatings developed at 

diverse RF power varies between 779nm to 1260nm as given in 

Table-1. The transmission spectra were utilized to determine 

reflective index of ZnO films by formula suggested by J.C. 

Manifacier et al.
24

. The calculated refractive index is given in 

Table-1. Refractive indices of ZnO thin films is in between 1 to 

2, subjected to thickness of coatings and its structure
25

. 

Refractive index of deposited zinc oxide thin films increases 

from 1.60 to 1.70 with the rise in power and thickness. 

 

Figure-3 shows the surface energy and contact angle 

measurements of ZnO coatings. The contact angle of ZnO 

coatings increases while its surface energy decreases with rising 

in the power. When power is 50W, contact angle noted is 94.4°. 

The maximum contact angle for ZnO films is observed at RF 

power of 125W which is 103.2°. A reduction in surface energy 

is observed at RF power of 75W. At RF power of 100W and at 

125W, the (100) intensity peak is observed in deposited zinc 

oxide thin film whereas (002) peak is found in all samples. The 

intensity of (002) peak increases with RF power, giving larger 

grain size, thicker films resulting in lower surface energy and 

higher contact angle. 

 

AFM images of zinc oxide coatings developed at 50W Power 

and 125W RF power are represented by Figure-4. The average 

grain size of zinc oxide films surges with the rise in power from 

50W to 125W as evident from Figure-4 and confirms the results 

of XRD graphs. J. Kim et al.
26

 developed ZnO coatings and 

achieved hydrophobic surface by doing a surface modification 

of FAS on ZnO thin films. They examined that with rising in 

power, roughness of zinc oxide films increases. They found 

ZnO thin films with rod diameters of 50-150 nm showed a 

relatively high RMS roughness. A. Ismail and M.J. Abdullah
27
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primed zinc oxide films on silicon at diverse RF power. They 

found 14.38nm surface roughness at 250W of RF power and 

concluded that with a rise in ZnO coating thickness its surface 

roughness also increases. W.J. Khudhayer et al.
28

 noted that 

with rise in ZnO coating thickness, the surface roughness is also 

increased and with that contact angle also increases. So the 

roughness of surface and contact angle exhibit a direct 

relationship. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure-3: Contact angle and surface energy of ZnO coatings 

developed at diverse RF power. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure-4: AFM images of ZnO coatings developed at RF power 

of (a) 50W and (b) 125W. 

 

The relation between contact angle and the surface roughness is 

represented by Figure-5. Contact angle rises as surface 

roughness increases which is consistent with above-cited 

literature. At low RF power of 50W, surface roughness and 

thickness of zinc oxide films is lower. With the rise in power, 

thickness of ZnO films increases and with the rise in thickness, 

surface roughness is increased thereby imparting higher contact 

angle values. The lowest surface roughness about 13nm is found 

at 50W RF power. The highest contact angle is found 103.2° at 

surface roughness value of 28nm at 50W RF power. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure-5: Contact angle and surface roughness of ZnO coatings 

developed at diverse RF power. 

 

Conclusion 

ZnO thin films have a very intense (002) peak and (100) peak is 

observed at higher Rf power values of 100W and 125W. The 

intensity of (002) peak increases with rise in the power from 

50W to 125W. Average grain size of ZnO coatings rises from 

18nm to 25nm with increasing the RF power from 50W to 

125W. Thickness of ZnO coatings rises from 779nm to 1260nm 

with rise in RF power. The ZnO thin films surface roughness 

rises from 13nm to 28nm as a consequence contact angle rises 

from 94.4° to 103.2° which shows the hydrophobic nature of 

deposited ZnO thin films. 
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