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Abstract

Nano-structured zinc oxide thin films were deposited on corning glass substrate by magnetron sputtering process. Zinc oxide
films were deposited at different gas ratio values of argon:oxygen kept at 2sccm:18sccm, 6sccm:14sccm, 10sccm:10scem and
14sccm:6sccm. X-ray Diffraction (XRD) technique was used to characterize ZnO thin films. The XRD graphs indicate presence
of (100) and (002) peaks for ZnO thin films. Contact angle and surface energy of nano-structured ZnO thin films were
determined by contact angle goniometer. Zinc oxide films are hydrophobic by nature and their contact angle value varies from
98.3° to 102.1° with decrease in flow rate of oxygen gas and increase in argon gas flow rate. UV-Vis-NIR spectrophotometer was
used to characterize optical properties of ZnO thin films.
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1. Introduction

Surface engineering is defined as modification of near-surface structure, chemistry or property of a substrate in
order to achieve superior performance and durability. Wetting phenomenon which is identified with surface change
or surface treatment procedure has gotten huge enthusiasm from both principal and application perspective. [1][2].
Zinc Oxide (ZnO) is a wide-band gap semiconductor of the I1-VI semiconductor group that has several favourable
properties, including good transparency, high electron mobility, wide band gap and strong room-temperature
luminescence. Zinc compounds were probably used by early humans, in processed and unprocessed forms, as a
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paint or medicinal ointment [3]. Zinc oxide crystallizes in two main forms, hexagonal wurtzite and cubic zinc
blende. The wurtzite structure is most stable at ambient conditions and thus most common. ZnO can also be
obtained with a variety of particle structures, which determine its use in new materials and potential applications in a
wide range and fields of technology. Therefore the development of a method of synthesizing crystalline zinc oxide
which can be used on an industrial scale has become a subject of growing interest in science as well as industry

[41[5][6][7]

As in many literatures it has been shown that the direct or indirect process is used to develop thin film of zinc oxide
on substrates which has wide area of use in industries to make coated surfaces. Application of ZnO films is
noteworthy and has aroused great interest due to their special electrical and optical properties. Zinc oxide has high
refractive index, high thermal conductivity, binding, antibacterial and UV-protection properties. Many methods have
been used to produce ZnO thin films on a solid substrate, such as self-assembly growth and electro-chemical
deposition. Recently, there has been much interest in zinc oxide (ZnO) thin films for applications in sensors and
transducers. One of the main purposes of developing ZnO coating is to make surface hydrophobic or super
hydrophobic [8][9][10].

The objective of this paper is to examine wettability and optical properties of ZnO thin films prepared by magnetron
sputtering technique. The aim is to convert hydrophilic behaviour of bare glass substrate into hydrophobic and
reduce wettability of the substrate. The influence of argon:oxygen ratio on various properties of ZnO films is
investigated in this paper.

2. Experimental details

Zinc Oxide (zZnO) thin films were deposited by RF magnetron sputtering in a custom designed cylindrical chamber
(Excel Instruments, India). A 2” diameter zinc target of 99.99% purity was used for sputtering. The RF power was
kept constant at 150W, deposition temperature at 500°C, sputtering pressure was kept at 1.0Pa and target to substrate
distance was 50mm. The chamber was initially evacuated to around 5x10“Pa by a turbo molecular pump backed by
a rotary pump; thereafter argon and oxygen gas of high purity (99.999%) was injected into the chamber. ZnO films
were deposited at different gas ratio values of argon:oxygen kept at 2sccm:18sccm, 6scecm:14scem, 10scem:10scem
and 14sccm:6sccm; the corresponding sample names are indicated by 018, 014, 010 and O6 respectively. The
flow of gases was controlled by Mass Flow controller (MFC), (ALICAT instruments, USA). The structural
properties of zinc oxide films were characterized by X-ray diffractometer (XRD) using Bruker D2 phaser, advance
diffractometer with Cu-Ko radiation having wavelength 1.54A. To determine whether the films are hydrophilic of
hydrophobic by nature, contact angle meter (Rame-Hart model 290) was used to find the contact angle of water with
the films. Optical transmission and absorption were measured in the 300-800 nm wavelength range using UV-Vis-
NIR spectrophotometer (Shimadzu, model UV3600 plus).

3. Results and Discussion

Fig.1 shows the XRD pattern of zinc oxide thin films deposited on corning glass substrate at various gas flow ratio
values of argon:oxygen at 2sccm:18sccm, 6sccm:l4scecm, 10sccm:10sccm and 14scecm:6scem indicating the
proportion of argon as 10%, 30%, 50% and 70% respectively of the total gas inserted in the chamber. The XRD
pattern shows presence of (100) and (002) peaks of ZnO.

The intensity of (002) peak increases with increase in the proportion of argon gas from 2sccm to 14sccm
corresponding to 10% to 70% of the total gas flow rate but does not have any effect on evolution of (100) peak.
This indicates that the evolution of various textures of ZnO depends on the proportion of various gases inserted in
the chamber. Initially at argon:oxygen ratio of 2sccm:18sccm, the proportion of argon that is used as inert gas is low
(10%) and oxygen that is used as a reactive gas is higher (90%). This hardly results in formations of various
textures of ZnO; so very weak (100) and (002) peaks of ZnO are observed.

Oxygen is highly reactive, so when its proportion is very high (90%) it may have formed oxide layer leading to
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poisoning of metal zinc target. The evolution of (002) peak having significant intensity is observed only when the
proportion of argon is increased from 10% to 30% and of oxygen is decreased from 90% to 70% of the total gas
flow. A gradual rise of argon proportion to 70% and decline of oxygen proportion to 30% leads to formation of
highly intense (002) peak of ZnO. Argon is an inert gas having higher atomic mass as compared to oxygen. So the
increase in proportion of argon gas and subsequent decline in proportion of oxygen gas might have reduced the
poisoning of metal zinc target. It is supported with the evolution of highly intense (002) peak, that may have formed
only when higher amount of Zn atoms are ejected from zinc target by argon atoms thereby facilitating formation of
ZnO films with (100) and (002) peaks as reported in literatures [11][12][13][14][15][16][17].
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Fig.1: XRD graphs of zinc oxide films at different argon:oxygen ratio.

Scherrer formula [18] was used to calculate the average crystallite size (d) of the samples as shown in equation (1).
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Where A,85 and P are the X-ray wavelength (1.54056 A), Bragg diffraction angle and line width at half maximum of
the most dominant peak, respectively. The average crystallite size of ZnO thin films is given in table.1. The average
crystallite size increases from 18nm to 27nm with increase in argon gas flow rate and with decrease in oxygen gas

flow rate. The (002) peak of ZnO films becomes narrow and intense with increase in argon gas flow rate which
results in larger average crystallite size with decrease of the oxygen gas flow rate.

Table.1 Calculated parameters of zinc oxide thin films at different argon:oxygen ratio.

Sample  Argon:Oxygen  Avg. dixrp) Band Gap Refractive Thickness from Wettability as per
Name ratio (sccm) (nm) (eV) Index (n) %T data (nm) Contact Angle in (°)
018 02:18 18 3.33 154 751 98.3
014 06:14 21 3.37 1.55 934 99.4
010 10:10 24 3.42 1.57 1268 100.8
06 14:06 27 3.48 1.61 1476 102.1

Thickness of film and transparency are inversely proportional to each other, when thickness of film increases, its
transparency decreases. Fig.2 shows the spectral transmittance of zinc oxide films at different gas flow rate of argon
and oxygen. The thickness of the zinc oxide films was calculated from the transmission data as reported in literature
[19] and is given in Table 1. It was observed that the thickness of zinc oxide films increases from 751nm to 1476nm
with the increase in argon proportion in the gas flow ratio. The higher proportion of argon in gas ratio might have
prompted removal of more zinc atoms from metal target, consequently reacting with oxygen atoms present in the
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chamber ultimately leading to formation of thicker zinc oxide films on the substrate.

The transmission data was used to obtain the reflective index of the film by using a model proposed by J.C.
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Manifacier et al. [20]. The calculated refractive index is given in table.1. The refractive indices of ZnO films have
been reported to be in between 1 to 2, depending on the film thickness and its structure [11]. The refractive index of

deposited zinc oxide films increases from 1.54 to 1.61 with increase in argon:oxygen gas flow ratio. The absorption
spectra of zinc oxide were recorded as a function of the wavelength. S. Flickyngerova et al. [21] measured
transmission of ZnO thin film and calculated the absorption co-efficient (o) by Tauc plot and measured optical band

gap (Ey).
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Fig.2: Optical transmission curves of zinc oxide films deposited at different argon:oxygen ratio.
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Fig.3: Optical absorption curve of zinc oxide films deposited at different argon:oxygen ratio.

Zinc oxide is a direct wide band gap and large exciton binding energy as reported in literatures [22][23][24]. The
calculated band gap values of ZnO films at different argon:oxygen gas flow ratio is shown in Fig.3. The band gap
value of ZnO thin films varies between 3.33eV-3.48eV for different argon:oxygen gas flow ratio as given in Table
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1. ZnO films are getting thicker with larger average crystallize size as the proportion of argon increases and oxygen
decreases in argon:oxygen gas flow ratio resulting in higher band gap values which are consistent with literatures
[12][18][23][25]. The transmission of ZnO films also decreases with increase in argon:oxygen gas flow ratio as
evident from Fig. 2 resulting in more absorption and greater band gap values.

The AFM micrographs of ZnO thin films for samples 018 and O6 are shown in Fig. 4. As the proportion of argon
gas in the argon:oxygen ratio increases, the thickness of ZnO thin films increases giving higher surface roughness
values. When the argon:oxygen ratio is varied from 2sccm:18sccm, 6sccm:l4scem, 10scem:10sccm  and
14sccm:6scem, the surface roughness of ZnO films observed are 4.11nm, 9.52nm, 12.84nm and 16.32nm

respectively.
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Fig.4: AFM images of ZnO thin film deposited at different argon:oxygen ratio of (a) 02:18sccm and (b) 14:06sccm.
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Fig5: Contact angle and surface energy of zinc oxide films deposited at different argon:oxygen ratio.
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Surfaces with high thickness of film commonly show fewer mechanical properties than flat surfaces, and this is a
crucial problem for the application of highly hydrophobic surfaces [26]. Surface energy and contact angle are
inversely proportional to each other [25]. Wettability of solid surface is determined through contact angle. Young’s
equation defines the contact angle ‘0’ by analyzing the forces acting on a fluid droplet resting on a solid surface. The
contact angle ‘0’ is the angle formed by a liquid at the three phase boundary where the liquid, gas and solid intersect.
So, the equilibrium of forces among the surface tensions at 3-phase boundary is described by the Young’s equation:

YssVa T V16 COSO (2
where ¥, ¥q and y,g are surface tension of the solid-gas, solid-liquid and liquid-gas interfaces respectively

and 0 is the equilibrium contact angle asgiven in equation (1) [3]. Fig.5 shows the contact angle and surface energy
values of ZnO thin films deposited at different argon:oxygen ratio.

The contact angle of ZnO films increases while its surface energy decreases with increases the concentration of
argon gas. When the argon:oxygen ratio is 2sccm:18sccm, the contact angle was found to be 98.3°. The maximum
contact angle for ZnO film is observed at argon:oxygen ratio of 14sccm:6sccm which is 102.1°. At high flow rate of
argon, highly intense (002) peak of zinc oxide films is found with larger crystallize size that might have imparted
higher contact angle values and lower surface energy.
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Fig.6: Contact angle and surface roughness of zinc oxide films deposited at different argon:oxygen ratio.

Surface roughness and contact angle are directly proportional to each other. The relation between contact angle and
surface roughness of ZnO films is shown in Fig.6. It is observed that the contact angle of ZnO films increases with
increase in surface roughness which is consistent with literatures [15][27].

The average crystalline size for zinc oxide films increases from 18-27nm with increase in proportion of argon in
argon:oxygen ratio and the average transmittance of ZnO films is over 60%. The deposited zinc oxide films are able
to retain good transparency and are hydrophobic by nature having contact angle values of more than 98° for all
values of argon:oxygen ratio.

4. Conclusion

ZnO thin films displays (100) and (002) peaks, the intensity of (002) peak increases with increase in the proportion
of argon gas flow rate. The average crystallite size of ZnO thin films increases from 18nm to 27nm and its thickness
increases from 751nm to 1476nm with increase in argon:oxygen ratio. The increase in thickness of ZnO films leads
to higher surface roughness values. The surface roughness increases from 4.11nm to 16.32nm resulting in increase
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of contact from 98.3° to 102.1°.The band gap of zinc oxide films is observed within the range of 3.33eV-3.48eV.
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