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ABSTRACT: The aim of this study is to investigate the effect of radio frequency (RF) plasma power on the morphology, crystal
structure, elemental chemical composition, and optical properties of ZnO nanostructure using a direct current magnetron sputtering
technique. This study emphasized that the growth rate and surface morphology of the polycrystalline ZnO were enhanced as the
radio frequency (RF) plasma power increased. This can be observed by fixing other parameters such as the growth time, substrate
temperature, and chamber partial pressure. The RF plasma power alteration from 150 to 300 W can produce uniform nanograin,
spheroid, and nanorods. Additionally, the RF plasma power alteration leads to the alteration in the ZnO nanorod diameter from 14
to 202 nm. It was observed that the XRD intensities are increased at higher plasma powers. This, perhaps, can be inferred from the
transformation of the granular microcrystals to the needlelike or platelike large crystals, as already examined using SEM images. This
also has an impact on the average crystalline size, which increased from 10 to 40 nm on increasing the RF plasma power. Moreover,
the increase of the RF plasma power has an obvious impact upon the optical band-gap energy, which was accordingly decreased from
3.26 to 3.22 eV. Finally, the absorption band edge was shifted to a lower-energy region due to the quantum size effect at the
nanorange.
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1. INTRODUCTION

Metal oxide nanostructured materials play an important role
due to their high usage in the fields of photonic and
optoelectronic devices."”” Several types of metal and metal
oxide materials have been produced with different structures
and optical and electrical properties to achieve the necessities
of preferable applications. Among them, zinc oxide (ZnO) has
attracted worldwide attention due to its adaptable properties
for applied-science applications.” ZnO is an n-type semi-
conductor material and has a direct band gap of 3.37 eV and
exciton binding energy of 60 meV at room temperature.”*
Furthermore, it is potentially useful in various applications
including UV light-emitting devices,” nanosensors,’ energy
conversion and storage,7 and thin films and solar cells.*’ ZnO
materials are mostly fabricated using conventional deposition
methods, such as physical vapor deposition (PVD),"" electro-

deposition,'" chemical vapor deposition (CVD),"* pulsed laser
deposition,'” sol—gel method,'* spray pyrolysis,'> hydro-
thermal method,'® and magnetron sputtering.'” Among these
methods, magnetron sputtering is a flexible technique for the
synthesis of ZnO materials. Extensive work has been done
using RF-magnetron sputtering due to the high growth rate,
low growth pressure, and low growth temperature.'® Magnet-
ron sputtering works based on the reactor design, target
materials, RF plasma source and power, distance between
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targets and substrate, partial pressure, and substrate temper-
ature.'”” Moreover, RF plasma sputtering has several advan-
tages, as it does not involve high temperature and reduces the
stress and strain caused by the differences in thermal expansion
coefficients between the substrate and the growth structure.”
In the magnetron sputtering technique, the RF power is a
significant growth parameter that directly influences the
morphology, crystal structure, and optical and electrical
properties of ZnO films.”' The effect of the RF plasma
power during the growth of materials is critical since the
plasma power is strongly related to the kinematics of the
reactive species that is mostly incorporated in growing ZnO
structures such as electrons, ions, atoms, and molecules.”*

In this study, ZnO nanostructures have been synthesized
using the RF-magnetron sputtering method. The effect of
different plasma powers ranging from 150 to 300 W on the
surface morphology, growth structure, elemental compositions,
and optical properties of the ZnO nanostructures has been
examined. This has been conducted to optimize the growth
plasma power to obtain a high-quality ZnO nanostructure. The
results demonstrated that the morphology and the crystal
structural characteristics of the ZnO nanostructure can be
acclimated by RF plasma power.

2. EXPERIMENTAL DETAILS

The ZnO nanostructures were grown and deposited on glass
substrates utilizing the direct current radio frequency (RF)
sputtering magnetron technique, using an Auto HHV 500
sputter coater model and ZnO target (99.999% purity), with a
3-in. diameter and a 0.125-in. thickness purchased from Kurt J.
Lesker Inc. Company. The glass substrates were cleaned in an
ultrasonic bath using ethanol (96%), acetone, and deionized
water for 15 min, respectively. The ZnO nanostructures were
grown using argon gas with 5.5 X 107 bar pressure inside the
RF chamber with different RF powers for 60 min. A schematic
illustration of the RF plasma power system is shown in Figure
1.
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Figure 1. Diagram of the RF plasma power system.

To investigate the effect of different power values of RF on
the ZnO nanostructural properties, the RF plasma power was
altered from 150 to 300 W by increasing by S0 W each time
gradually, and the corresponding samples were labeled a, b, ¢,
and d, respectively. Then, the ZnO nanostructure samples were
taken off from the RF system and annealed at 300 °C under a
standard atmosphere, 760 mm mercury, for 30 min using an
annealing tube furnace model Lenton VTF/12/60/700. A
high-resolution field emission scanning electron microscope

(FESEM) (model Carl Zeiss, Leo-Supra 50 VP, Germany) and
a Nova Nano SEM 450-FE], the Netherlands, were employed
to examine and characterize the surface morphology (density,
shape, size, homogeneity, and distribution), and energy-
dispersive X-ray (EDX) spectroscopy was used to analyze
the chemical composition of the produced ZnO nanostructure.
Also, a high-resolution X-ray diffraction (HR-XRD) system
(model X-Pert Pro MRD) with Cu Ka (1 = 0.154050 nm)
radiation was used to examine and analyze the X-ray pattern
and the crystal structure. The crystal quality, size, strain, stress,
and epitaxial growth of the synthesized ZnO nanostructure in
the scanning range of 26 (20 set between 20 and 80°) can be
found from the XRD peaks. In addition, a double-beam
ultraviolet—visible (UV-4100) spectrophotometer was utilized
to analyze optical properties such as the transmittance
spectrum and the band gap of the prepared ZnO nanostructure
in the wavelength range of 300—800 nm.

3. RESULTS AND DISCUSSION

3.1. Morphological Analysis. To investigate the effect of
plasma power on the ZnO nanostructure, several samples have
been synthesized at different plasma powers. The top view and
the cross-sectional growth of the ZnO samples were studied
using field emission scanning electron microscopy, as shown in
Figure 2. At a lower plasma power, i.e.,, 150 W, it was observed
that the ZnO nanograins were formed with homogeneous
distribution on the entire glass substrate, while at 200 W
plasma power, nanospheroids were observed. Later, when the
plasma power reached 250 W, agglomerated nanorods were
detected. Then, at 300 W, rough surface nanorods with
nonhomogeneity in shape, size, and growth direction were
formed. It can be observed, from Figure 2, that the overall
resulting nanostructures were almost oriented along the c-axis
[0001] direction on the glass substrate with different plasma
powers. It can be stated that on increasing the RF plasma
power, the temperature also increases inside the reactor. This
is, perhaps, due to the enhancement in the plasma density, i.e.,
the temperature of electrons or ions.”® El-Hossary et al.”*
studied the impact of plasma power on ZnO thin-film
deposition. They observed that an increasing RF plasma
power resulted in higher plasma species energy, owing to the
increase of the substrate temperature.”* In the current study,
we observe in all samples the alteration of ZnO morphology
with different plasma powers, conceivably ascribed to the
gradual temperature increase of the growth substrate. Besides,
this can also be understood as an improvement of the kinetic
energy of the plasma species, leading to the addition of reactive
ZnO atoms.”> Moreover, from the field emission scanning
electron microscopy images in Figure 2, the average values of
the nanostructure’s diameter are highly influenced by the
plasma power. One can assume from the superficial
calculations, from Figure 2, that the average diameter of the
formed ZnO nanostructures is gradually increased from 14 to
202 nm as the plasma power is increased from 150 to 300 W.
This increase in the ZnO nanostructure’s diameter with RF
power is possibly due to the enhancement in the kinetics of the
additional atoms and also the aggregation of the individual
nanostructures, which results in a bigger size of the ZnO
nanostructures at higher RF powers.”> Karnati et al.*® in a
similar study, using the high-pressure-assisted pulsed laser
deposition (PLD) technique, synthesized high-quality verti-
cally aligned ZnO nanorods on different substrates at a high
growth pressure of ~0.3 Torr. The rise in the substrate
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Figure 2. Top view and the cross-sectional (inset) field emission scanning electron microscopy image of the ZnO nanostructure synthesized with
different RF plasma powers: (a) 150 W, (b) 200 W, (c) 250 W, and (d) 300 W.
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Figure 3. EDX analysis of the ZnO nanostructure synthesized with different RF plasma powers: (a) 150 W, (b) 200 W, (c) 250 W, and (d) 300 W.

temperature leads to an increase in the diameter of the
nanorods, which essentially relies upon the growth mechanism
and the stress between the substrate and the nanorods. They
also stated that the nanorods have a tendency to bend as the
number of pulsed laser shots increases, which predominantly
relies upon the steadiness of the nanorods.”” Accordingly,
temperature and the number of pulsed laser shots throughout
the deposition play vital roles in the alignment of the ZnO
nanorods.

3.2. Energy-Dispersive X-ray (EDX) Analysis. To study
the elemental composition of the synthesized ZnO nanostruc-
ture using the RF sputtering technique, EDX analysis has been
utilized for different plasma powers from 150 to 300 W, as
shown in Figure 3a—d. From Figure 3, it can be seen that the
corresponding EDX analysis shows the existence of Zn and O

31607

peaks only, which corresponds to the characteristic elemental
composition of the ZnO nanostructure, without the presence
of any other impurities or substrate signal. This is a good
indicator for the purity of the grown ZnO nanostructures by
means of RF plasma power. The estimated Zn and O
percentage ratios of the synthesized samples at different
plasma powers are tabulated in the insets in Figure 3a—d. An
approximate stoichiometry in the Zn/O ratio can be noticed
from the EDX analysis. While the atomic percentage ratio
between Zn and O for the samples was slightly different, the
Zn/O ratio increases with increasing plasma power (Figure 3).
This is likely because, at low RF plasma power, some of the
zinc atoms can be masked by the incoming species before
being oxidized. These results are in excellent agreement with
those of El-Hossary et al. and Otieno et al.”*** Otieno et al.,**
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in turn, stated that an increasing stoichiometry, Zn/O ratio,
leads to an increase in the strain and the dislocation density of
the ZnO films. These outcomes are also consistent with the
field emission scanning electron microscopy images since the
RF plasma power affects the morphology of the ZnO films.
Accordingly, the interface between O and Zn atoms is altered
to form ZnO thin films with dissimilar stoichiometry, dissimilar
crystalline sizes, and diverse morphologies.”* Also, increasing
the RF power leads to a decreasing band gap, owing to the
existence of zinc hydroxide, Zn(OH),. This leads to a decrease
in the oxygen content in the sample. On the other hand, it has
been reported, previously by other authors, that it is not easy
to deposit multicomponent materials with highly precise
stoichiometry using various substances since dissimilar
substances possess dissimilar vaporization rates.”” It is
significant to mention that an alteration of RF plasma power
can change the ionization of ambient argon gases,30 the kinetic
energy of bombarding ions,®" kinetic energy of atoms,>>
reactive species,”” and the substrate temperature.”* Therefore,
we are likely to manage the stoichiometry of the ZnO film
basically by modifying the ambient working gas in RF plasma
deposition.>

3.3. X-ray Diffraction (XRD) Analysis. The X-ray
diffraction (XRD) patterns of the ZnO nanostructure grown
on the glass substrates at different RF plasma powers are
shown in Figure 4. It can be seen that the XRD patterns, in
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Figure 4. Normalized X-ray diffraction patterns of the ZnO
nanostructure synthesized with different RF plasma powers: (a) 300
W, (b) 250 W, (c) 200 W, and (d) 150 W.

general, using different RF plasma powers possess a
polycrystalline structure. In addition, the XRD diffraction
analysis approves the formation of an uncontaminated
hexagonal (wurtzite) structure of ZnO in accordance with
JCPDS card no. 01-080-0074. Moreover, no other peaks from
impurities or defects were observed. In all cases, the peak at 26
= 34.4, corresponding to the (002) plane, is dominant and
shows preferential growth directed along the c-axis as a result
of having high kinetic energy.

Therefore, the (002) plane has the fastest growth rate and
surface energy compared to the growth along other planes.
Accordingly, this peak plays a crucial role in column growth
compared to the other planes such as (101) and (100), which
possess relatively lower surface energy (Figure S). Hu et al.

(002)

1y

Figure 5. Crystal growth orientation of ZnO films for (002), (101),
and (100) planes on the glass substrate.

reported that the (101) and (100) planes possess relatively
weak intensity peaks compared with the (002) plane owing to
their textured pyramid-like and polygon structures, respec-
tively.”® In general, as confirmed by X-ray diffraction,
increasing the RF plasma power is found to improve the
crystallinitz and the grain growth, resulting in a less defected
structure.”” This was also confirmed by Srinatha et al.*®
particularly when Al-doped ZnO thin films were replaced with
ZnO thin films.

Figure S displays the crystal growth orientations of the ZnO
films. The (002) plane corresponds to the c-axis growth, which
is perpendicular to the substrate to form a columned structure.
The (101) plane corresponds to the c-axis growth, which is
parallel to the utilized substrate forming a pyramid-like
structure. The (100) plane corresponds to the c-axis growth,
which is also parallel to the substrate to form a polygon
structure. These results are mainly important as ZnO thin films
can be used as front electrodes in solar cells, especially with
amorphous silicon being used as a substrate.”” Similar results
have been found elsewhere by Jagadale et al,, and they have
shown that the ZnO film with these properties can be used in
gas-sensing applications.”” Bhaumik et al.*' showed that
outstanding solar cell appearances, with record maximum
efficiency, can be obtained with ZnO/CuO-based thin films.
Moreover, the ZnO nanostructure is a suitable material owing
to its photocatalytic activity for environmental and energy
applications.*”

It can be seen from Figure 6 that the intensity of the (002)
plane increases on increasing the utilized RF plasma power.
From this, we can deduce that the ZnO structure is
preferentially oriented in the (002) plane, which grows
perpendicularly on the substrate forming a columned structure.
Similar results have been obtained by El-Hossary et al.**

3.4. Structural Properties. Table 1 shows properties, such
as peak position (26), intensity, lattice constants (a and c),
aspect ratio (c/a), and the strains (). and Y,), of the ZnO
wurtzite-hexagonal structure. The dominant diffraction peak,
ie, (002), has been selected to calculate these structural
properties for different RF plasma powers. The lattice
constants (a and ¢) of ZnO are determined from the following
equations™

1 2
a=,|—
3 sinf (1)

A
sin 8 ()

where A is the wavelength of the X-ray source, 1.5418 A, and 0
is the angle of the diffraction peak.

c =
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Also, the interplanar distance of ZnO is determined using
800 1 . Bragg’s law,” and its results are summarized in Table 1
700 1 _ 4Pkt P
R &3 a* ¢ (3)
S 600 - .
S where a and ¢ are the lattice constants.
> The average crystal size (D) of the fabricated ZnO
@ 500 nanostructure at different RF plasma powers is evaluated
Q using Scherrer’s equation as shown in Figure 7%
£ 400 - i
/ D= —
300 - . p cos 0 (6)
/ where k is a constant equal to 0.9, 4 is the wavelength of the X-
2004 " ray source, /3 is the full width at half-maximum (FWHM), and
T T T T 0 is the center of the diffraction peak.
150 200 250 300

RF Power (Watt)

Figure 6. Impact of the RF plasma power on the (002) plane intensity
for the ZnO nanostructure.

The aspect ratios (length/diameter of the ZnO nanostruc-
ture) with different RF plasma powers are shown in Table 1. It
can be noticed that the aspect ratios are constant, ~1.732, i.e.,
the RF plasma power does not impact the aspect ratio values.
Reeber computed the lattice constants of the ZnO wurtzite
structure at room temperature, values of ¢ and a being 5.2075
and 3.25 A, respectively, and the resultant c/a ratio was
1.633.** Unlike the RF plasma power, Karnati et al. showed
that the pulsed laser deposition (PLD) technique has a
remarkable impact on the aspect ratio deviation.”® They have
shown that the corresponding aspect ratio for 5000, 10 000,
and 15 000 shots is 1.56, 1.59, and 1.65, respectively. The high
aspect ratio is a result of the high surface-to-volume ratio of the
7ZnO nanostructure.*> Therefore, the high surface area-to-
volume ratio of the ZnO nanostructure boosts the electron—
hole pair recombination, which results in a quicker decay
time.*®

The strains (), and Y.) of ZnO along the a-axis and the c-
axis, respectively, are estimated from the following equations*’

a—a,

Z = X 100%

a tlo (3)
c—g,

) = X 100%

- [ 4)

where a, and ¢, represent the typical lattice constants for
unstrained ZnO structures that can be found from the
database.*®

The observed negative value of both (},) and (}) is
concerned with the compressive strain, while the positive
values of strain are related to an expansion in lattice constant.
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Figure 7. RF plasma power versus crystalline size and the dislocation
density of the ZnO nanostructure along diffraction peak (002).

From Figure 7, it can be noted that the average crystal size
increased from 10 to 40 nm as the RF plasma power increased.
These noticeable increases in the crystalline size values are,
perhaps, due to two main reasons. First, a high RF plasma
power leads to the ZnO particle merging activity. Second,
increasing the RF plasma power from 150 to 300 W leads to a
decrease in FWHM values from 0.7872 to 0.2122 along the
(002) plane, and therefore this peak becomes higher and
narrower at the same time as shown in Table 1. Additionally,
the dislocation density (5) represents the defects in the crystal
growth due to the lattice mismatch between substrate and
nanostructure deposition and impurities. The () value is
inversely proportional to the square of the crystal size
displayed in Figure 7°°

1

52?

7)

Table 1. Structural Properties and Lattice Constants of the ZnO Nanostructure along the Diffraction Peak (002) for Different

RF Plasma Powers

RF plasma power (W) FWHM a (A) c (A)
150 0.7872 3.00580 5.206
200 0.5403 3.00707 5.208
250 0.3754 3.00867 5211
300 0.2122 3.00962 5.213
31609

c/a 3. % 3. % d (A)
1.732 —7.613 —0.170 2.6031
1.732 —7.574 —0.128 2.6042
1.732 —7.522 —0.072 2.6056
1.732 —7.496 —0.044 2.6064
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Figure 8. Williamson—Hall plot of ZnO nanorods prepared with different RF plasma powers: (a) 150 W, (b) 200 W, (c) 250 W, and (d) 300 W.

Even though the Debye Scherrer method is a well-known
method that utilizes X-ray diffraction to obtain the crystalline
size using FWHM of the diffraction peaks, it does not take into
consideration peak broadening, which is a result of the
nonhomogeneous strain and instrumental impacts. Accord-
ingly, to obtain further information about the crystalline size of
the investigated ZnO nanostructures, it is recommended to
utilize the Williamson—Hall plot, which provides information
regarding the lattice strain and the actual particle size and
particle size with a null strain of the sample. The Williamson—
Hall>' equation is expressed as

pcos@
p)

1 in 0
+/Js1n

A

D

actual

(8)

where D, ., and u are the actual particle size and the actual
strain, respectively. Figure 8 shows the relationship between
(B cos 8) /A against (sin 6)/4, i.e., the Williamson—Hall plot. It
can be noticed, from Figure 8, that the slope of the acquired
linear relationship is positive, which can originate from the
likelihood of tensile strain in the examined ZnO nanostruc-
tures.”” The computed value of the tensile strain, the slope of
the graph, for different RF plasma powers, 150, 200, 250, and
300 W, was found to be 0.38, 0.33, 0.31, and 0.28%,
respectively, while the effective particle size values for different
RF plasma powers, 150, 200, 250, and 300 W, were calculated
to be 15, 20, 35, and 47 nm, respectively. It can be stated that
the value of the crystalline size computed using the Scherrer
equation is smaller than that acquired through the
Williamson—Hall method. This alteration is ascribed to the
strain value and illustrates that the role of strain is significant;
thus, it should be considered in the measurement of the
crystalline size. Therefore, utilizing the Scherrer equation,
which does not consider the strain, might produce imprecise

31610

outcomes. The lattice strain shown by the Williamson—Hall
plot displayed a reduction with an increase in the RF plasma
power. The growth mechanism in general causes some strains
in the crystal.”® Once the RF plasma power was amplified, the
domain structure was overdrawn and released the additional
strain, and in this manner, a crystalline size decrease was
acquired by increasing the RF plasma power.

3.5. Optical Property Analysis. Figure 9 shows the UV—
vis transmittance spectrum for the synthesized ZnO nano-
structure at different plasma powers from 150 to 300 W. All of
the ZnO samples possess low transmittance in the UV region,
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£ 30
E
e
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Figure 9. Optical transmittance spectrum of the ZnO nanostructure
synthesized at different RF plasma powers.
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Figure 10. Energy bang-gap measurement for the ZnO nanostructure using different RF plasma powers: (a) 150 W, (b) 200 W, (c) 250 W, and (d)

300 W.

A < 400 nm, and high transmittance in the visible region, 4 >
400. It was observed that the highest transmittance
corresponded to 150 W; then, it decreased from ~48 to
~17% as the plasma power was increased up to 300 W. This is
possibly due to the increase of the scattering light from oxygen
vacancies, Zn interstitials, dislocation density, and the
nanostructure thickness.”*>> Moreover, once the RF plasma
power increases, the transmittance spectrum shifts to the
longer wavelength.*® This is more likely due to the internal
stress produced inside the nanorods and the light-scattering
effects as a result of surface roughness. Chatterjee et al.”” have
shown that argon ion bombardment produces a nanoscale
roughening of the nanorod sidewalls. This nanoscale rough-
ening possesses a wide range of applications, such as in
catalysis, gas sensing, solar cells, field emission, and gas
discharge. Also, ion bombardment leads to an increase in the
oxygen vacancies near the surface and hence a change in the
electrical properties.”® In addition, increasing the RF power
leads to an increase of the ZnO thickness.””

The optical band-gap energy (E,) of the ZnO nanostructure
prepared at different RF plasma powers can be calculated using
Tauc’s relation as shown in Figure 10.

(ahv)* = A(hy — Eg)” (9)

where a is the absorption coeflicient, hv is the photon energy,
A is a constant, E, is the optical band gap energy, and n
depends on the type of transmission (n = 1/2 due to the direct
transmission of ZnO). For the transmittance spectrum, the &
coefficient can be calculated using®'

T d (10)
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where T is the transmittance of the ZnO samples and d is the
thickness of ZnO.

From the plots, it was observed that the transition region is
at around 3.20 eV, which corresponds to the direct band-gap
energy (E,) of the ZnO semiconductor.® The optical band gap
decreases from 3.26 to 3.22 eV on increasing the RF plasma
power from 150 to 300 W, respectively. These values are lower
than the value of bulk ZnO, which is 3.4 eV.®* The obtained
values of E, in this study are in good agreement with the values
(3.25-3.32 eV) reéported by Ma et al. for ZnO prepared at a
low plasma power.®” In a similar study by El-Hossary et al.,”" it
was shown that the optical band gap decreases from 3.3S to
3.05 eV on increasing the RF power from 300 to S00 W,
respectively. In fact, the quantum size effect and the Burstein—
Moss effect together increase the optical band gap, whereas
lowezlz1 oxygen contents and higher defects reduce the band
gap.

It is worth noting that the E, value is correlated to several
factors, such as the dislocation density, defects (oxygen
vacancies, Zn interstitials), strain, random orientation of
nanorods, and the quantum size effect of the nanostructure,
which have already been proved by the XRD results.”"*°

On the other hand, the increasing band gap is owing to the
existence of zinc hydroxide, Zn(OH),.°* The band gap was
found to decrease from 3.26 to 3.22 eV after increasing the RF
plasma power from 150 to 300 W as a result of the removal of
Zn(OH), from the film or elimination of defect levels after
increasing the RF plasma power, which is a more common
phenomenon in chemically deposited thin films.”’ Wang et
al.% stated that the optical energy band-gap broadening can be
achieved through Al-doped ZnO thin films. Elimination of
piling faults results in the orientation of separate crystallites
and the existence of defect-free grain boundaries. Jimenez-
Gonzailez and Nair® described the reduction in the band gap
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after increasing the temperature of ZnO thin films as due to
the quantum confinement of the charge carriers in extrafine
nanocrystalline grains. Paul et al.*’ showed that noticeable
green emission in the photoluminescence spectrum, predom-
inantly related to the oxygen vacancies on the surface of the
ZnO nanostructure, is considerably eliminated by the
amalgamation of glucose biomolecules. Reaz et al.”® show
the effective synthesis and adoption of ZnO/iron oxide core—
shell nanoparticles with variable magnetic characteristics. They
confirmed that structural alterations at the nanolevel, after
determining adjustments between the core—shell nanoparticle
samples, have an important influence on their magnetic and
fluorescent properties. In another attempt, Mohamed et al”?!
investigated the impacts of consecutive plasma processing
cyclic times on the structure, optical properties, and electrical
resistivity of ZnO thin films. They showed that the grain size
can be reduced to some extent as the treatment time increases,
while the optical band gap increases on increasing the plasma
treatment time.

4. CONCLUSIONS

ZnO nanostructural thin films are successfully synthesized on
glass substrates using the radio frequency sputtering magnet-
ron technique without any foreign catalyst. In this study, the
impact of the variation of plasma power on the morphology,
structure, crystalline size, dislocation density, and energy band
gap of the ZnO nanostructure has been investigated. This
study shows that the stoichiometry in the Zn/O ratio is also
affected by variation of the RF plasma power. SEM and XRD
analyses indicated that the RF plasma power has a clear impact
on the shape and the size of the ZnO nanostructure and a
preferential growth direction along (002) orientation is
dominant. In addition, the average diameter of the ZnO
nanostructure is changed gradually in the range of 14—202 nm
as the RF plasma power increases from 150 to 300 W.
Moreover, the crystal qualities of the ZnO nanostructure
improved, as displayed by the sharpening and the narrowing of
the X-ray diffraction peaks, on the polar surface c-axis with a
reduction in the dislocation density at higher plasma powers.
The highest optical transmittance spectrum from the ZnO
nanostructure is observed at 150 W of plasma power; however,
it decreases dramatically from ~48 to ~17% as the plasma
power increases from 150 to 300 W. This is possibly due to the
increase in the scattering light from voids, grain size, and the
thickness of the ZnO nanostructure. The UV—vis absorption
spectrum indicates that the energy band gap slightly decreases
from 3.26 to 3.22 eV with an increasing RF plasma power, as a
result of defects, strains, thickness, and random orientation of
the ZnO nanostructure.
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