
lable at ScienceDirect

Vacuum 146 (2017) 509e516
Contents lists avai
Vacuum

journal homepage: www.elsevier .com/locate/vacuum
Effect of the seed layer on the growth and orientation of the ZnO
nanowires: Consequence on structural and optical properties

A. Serrano a, A. Arana a, A. Gald�amez a, A. Dutt a, B.M. Monroy a, F. Güell b, G. Santana a, *

a Instituto de Investigaciones en Materiales, Universidad Nacional Aut�onoma de M�exico, Coyoac�an, M�exico City, 04510, Mexico
b Departament d’Enginyeries: Electr�onica, Universitat de Barcelona, C/Martí i Franqu�es 1, E-08028 Barcelona, Catalunya, Spain
a r t i c l e i n f o

Article history:
Received 1 November 2016
Received in revised form
1 March 2017
Accepted 5 March 2017
Available online 7 March 2017

Keywords:
ZnO
Seed layer
Ultrasonic spray pyrolysis
Sputtering
Luminescence
* Corresponding author.
E-mail address: gsantana@iim.unam.mx (G. Santan

http://dx.doi.org/10.1016/j.vacuum.2017.03.010
0042-207X/© 2017 Elsevier Ltd. All rights reserved.
a b s t r a c t

High quality vertically aligned zinc oxide (ZnO) nanowires (NWs) were grown on Au-coated aluminum-
doped zinc oxide (AZO) thin films via vapor-liquid-solid (VLS) technique. AZO seed layers were deposited
using two different techniques named as ultrasonic spray pyrolysis (USP) and magnetron sputtering.
Structural, morphological and compositional properties of the NWs grown on the two distinct seed
layers were analyzed in detail by using X-ray diffraction (XRD), scanning electronic microscopy (SEM)
and energy dispersive spectroscopy (EDS) techniques, respectively. In the first case, (seed layer grown by
USP technology), NWs showed the (101) orientation, whereas in the second case, (seed layer grown by
sputtering) NWs showed (002) orientation. It was confirmed by the SEM images, that NWs with (002)
orientation shown better vertical alignment than NWs with (101) orientation. In addition, optical
properties were also studied using photoluminescence (PL) spectroscopy and irrespective of the
preferred orientation, NWs showed a strong green emission at room temperature. The study made in the
present work on the seed layer preparation by two techniques and hence, deposition conditions to
achieve fully controllable ZnO nanowires with precise distance, shape, position and orientation could
provide opportunities for the fabrication of future optoelectronic devices.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Among different form of nanostructure materials, one-
dimensional (1-D) nanomaterials, especially, nanowires (NWs)
are of particular attention because of their potential applications in
developing novel electronic, optoelectronic devices due to effective
confinement of carriers and photons on a high surface to volume
ratio [1,2]. Regarding dimensions, starting from less than 100 nm,
they could reveal a non-confined axis that may reach up to microns
scale [3e5]. This particular property is critical for an efficient charge
transport mechanism in applications like solar cells [6,7]. Between
various investigated materials for NW growth, ZnO is one of the
vastly explored sources due to better structural, optical and elec-
trical properties.

ZnO is an II-VI semiconductor with awide direct band gap in the
near ultraviolet (UV) (Eg ¼ ~3.3e3.37 eV at 300 K) and exhibit a
large exciton binding energy (60 meV) ideal for excitonic emission
at room temperature [8e10]. ZnO crystallizes in two main
a).
crystalline structures: hexagonal wurtzite and zinc blend. Under
general conditions, it exhibits a hexagonal wurtzite with lattice
parameters a ¼ 0.32469 and c ¼ 0.52069 [1,8]. However, at high-
pressure conditions (~10 Gpa) a third crystalline structure (rock
salt) can also be found [9,11e13]. ZnO is considered as a versatile
material which can exists in a diverse group of morphologies, such
as nanobelts [12,14e16], nanocages [14], nanowires [17e19],
nanorings [12,14], core-shell structures, nanorods [12,14e16],
nanosheets [15], nanoflowers [15], nanoneedles [20]. It exhibits
near-UV emission, good conductivity, transparency, high-
temperature electronic degradation, high radiation resistance and
biocompatibility [1,21]. Above mentioned features together make
ZnO an ideal material for diverse applications.

Additionally, ZnO nanowires are one of the most important
nanomaterials in today's research. In specific, vertical-aligned ZnO
nanowires are regarded as promising candidates for various ap-
plications like UV laser [6,8], LED's [21], solar cells [22], gas and
piezoelectric sensors and photocatalysis reactions [23e25]. A large
number of physical and chemical methods have been applied and
investigated for the growth of these nanostructures. Most of the
approachesmake use of bottom-up routes that offers the possibility
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for a controlled growth of the NWs with the well-desired and
defined aspect ratio [26]. Methods such as chemical vapor depo-
sition (CVD) [20,27], metal-organic chemical vapor deposition
(MOCVD) [21,27], flame transport processes [24,28], sol-gel [29],
physical vapor deposition (PVD) [20,27,30], molecular beam
epitaxy (MBE) [21], pulsed laser deposition (PLD) [1,27], vapor-
liquid-solid (VLS) [22,31,32], sputtering and solution-based
methods [22,30] have been used to grow ZnO NWs.

Amongst all of the methods mentioned above, VLS also called as
metal catalyzedmethod, is one of themost important in the growth
of 1-D nanostructures, especially NWs [16,30]. The process involves
the use of a catalyst (in the form of nanoparticles) that forms a
eutectic alloy with the substrate or with the seed layer [16,31,33].
Gaseous reactants dissolve into the liquid droplet leading to a su-
persaturated solution that facilitates nucleation and finally, leads to
the growth of the NWs (Fig. 1a) [15,16,27]. NWs growth continues
until the source material is either finished or if the surface/growth
temperature is reduced [27,31]. Moreover, using VLS method het-
erostructures could also be obtained by changing the reactants
source [34]. Light emission from well-known semiconductor ma-
terials like Si, GaAs, and GaP has already been studied and
explained in depth. Nevertheless, as mentioned above, attracting
properties of ZnO nanowires are now considered as an interesting
additional material, which could be used for optoelectronic
applications.

To date, there exist some reports where it is demonstrated the
growth of ZnO NWs by using various methodologies and further,
optical properties of NWs has been explored. Recently, some of the
researchers have grown ZnO nanowires using a single zone CVD
system, and they have observed a strong PL emission at 3.23 eV,
which was attributed to recombination of free excitons [35]. On the
other hand, they observed a very low emission in the green-yellow
region. In the other recent report, authors studied the effect of the
seed layer on the growth and UV detection properties of ZnO NWs
[36]. On the other hand, in another old report, it was demonstrated
the growth of ZnO 1Dmicro and nanostructures by usingMOCVD at
Fig. 1. a) Basic principle of the VLS growth mechanism of ZnO NWs and b) Scheme
showing the High-temperature treatment employed for NWs growth at 900 �C using a
mixture of ZnO powder (as atoms source) and graphite (as carbothermal reduction).
atmospheric pressure, and PL, in that case, was observed at around
3.3 eV [37]. Also, they explained that using VLS technique, the
growth of gold catalyst should start above 900 �C. In other previous
report, authors grew ZnO nanowires on a pre-coated ZnO epilayer,
and the emission at 3.26 eV was correlated with the recombination
of free excitons. While a broad green emission at 2.48 eV was
attributed to surface defects at room temperature [38].

In another previous article, ZnO NWs were grown using AZO
seed layer by using aerosol deposition method [39]. In that article,
authors were able to synthesize NWs, which were randomly
distributed, and only one PL peak in UV region was observed. Also,
in another previous report, the effect of the seed layer on the
structural properties of ZnO NWs has been explained in detail [40].
However, detailed study on the control over the growth and hence,
the orientation of ZnO NWs grown using different kind of seed
layers with their particular effect on the photoluminescence
emission is one of the left over constraints. Control over
morphology by controlling the deposition parameters could help to
enhance the application point of view of ZnO NWs.

In the present article, foremost we present a versatile compar-
ison of high-quality ZnO NWs grown on two distinct seed layers
subsequently grown by two different techniques such as ultrasonic
spray pyrolysis and magnetron sputtering methods without any
need of template method for the growth mechanism. Furthermore,
depending on the seed layer and deposition technique, control over
the aspect ratio and alignment of the nanowires has been shown.
For obtaining a new generation of optoelectronic devices, work
reported in this article could provide vital information about the
various deposition conditions and film properties that could further
allow the precise control over the distance, shape, density, position
and orientation of the ZnO nanowires. The method and study
presented here, shown the growth of ZnO NWs with a diameter
varying from 30 to 70 nm and length up to 7 mm which could be
used in a variety of applications. Additionally, bright green emission
demonstrated in the present work could also reinforce the utili-
zation of the present material for widening the active spectral re-
gion of ZnO-based optoelectronic devices and/or for downshifting
process in photovoltaics.

2. Experimental

2.1. Materials

2.1.1. Ultrasonic spray pyrolysis
For ultrasonic spray pyrolysis, salts of zinc acetate dehydrate

(ZnC4H6O4*2H2O) as zinc atoms precursor and aluminum acetyla-
cetonate (Al (C5H7O2)3) as dopant atoms were employed. A mixture
of methanol (CH3OH) and deionized water (84.6% and 15.4%,
respectively) was used as a solvent. Acetic acid (C2H4O2) was used
to improve the solubility of the salts in the precursor solution.

2.1.2. Magnetron sputtering
On the other hand, for sputtering process a zinc oxide solid

target (size: 200 diameter x 0.12500 thickness) and with alumina at
2 wt. % (PLASMATERIALS®) was employed. Argon gas (99.999%) was
used to generate the plasma in the sputtering process, and water
was employed as a coolant during the deposition process.

2.2. Substrate preparation

Silicon and quartz substrates (25 mm � 10 mm) were used in
both of the deposition techniques. Substrates were cleaned up
before deposition to avoid impurities that could affect the final
product. Trichloroethylene (CHCl: CCl2), acetone ((CH3)2CO), and
isopropyl alcohol (C3H8O) were used separately in ultrasonic baths



Fig. 2. XRD patterns of the USP and sputtering-deposited AZO seed layers using
grazing incidence angle mode (u ¼ 2�).
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(5 min per bath) to remove any rest of grease in both silicon and
quartz substrates. After each bath, pressurized nitrogen (N2) was
used to dry out the samples.

2.3. Seed layer deposition method

2.3.1. Ultrasonic spray pyrolysis
As mentioned in section 2.1.1, the precursor solution was made

using a mixture of 0.1 M of zinc acetate and 4.45 at. % of aluminum
acetylacetonate diluted in 100 mL of a methanol (84.6%) and
deionized water (15.4%), respectively. 0.5 mL of acetic acid was
added to improve the solubility of the salts in the precursor solu-
tion. The solution prepared was stirred for an hour. A set of re-
sistors, controlled by a temperature controller, were used to heat
the tub. The precursor solution was placed in a dropping funnel
through where finally it was introduced to the nebulization
chamber. The role of the nebulizer was to form tiny drops of the
precursor solution. The nebulization gas set up in this stage was
carried to the synthesis chamber by a carrier gas (compressed air)
and was directed to the substrates using a director gas. The depo-
sition process was carried out at a temperature of 475 �C for 17 min
with controlled fluxes of 0.642 L/min and 2.564 L/min for carrier
and director gas sources, respectively.

2.3.2. Magnetron sputtering
A magnetron sputtering system was employed to deposit AZO

thin films on both silicon and quartz substrates. The substrates-
target distance was set to a value of 4 cm for the deposition pro-
cess. Mechanical and turbomolecular bombs were employed to
achieve high vacuum (9.3 � 10�5 mbar) inside the deposition
chamber. After achieving the required pressure, the chamber was
filled up with Ar gas, until; it got a pressure of 1.2 � 10�2 mbar.
Before opening the shutter, a cleaning process (approximately
5 min) was employed to remove remaining impurities from the
target's surface to avoid possible contamination of the final prod-
ucts. The power source was maintained at 40 W for the duration of
60 min for the growth of AZO thin films.

2.3.3. Catalyst deposition
After the deposition of the AZO seed layers, via USP and

magnetron sputtering, samples were covered with a 4 nm of gold
(Au) thin layer. Cressington Scientific DC Sputter unit was used for
sputtering. Ted Pella® Au target (57 mm diameter and 0.1 mm
thickness) was used to deposit the catalyst layer.

2.4. Nanowires growth

Finally, after the deposition of the AZO seed layers and the Au
catalyst layer, NWs growth takes places at this stage. A high-
temperature oven, HAT-1200 from EVELSA, with a quartz tube in-
side was employed for NWs growth. Fig. 1b demonstrates that two
quartz containers were placed inside the quartz tube. One of quartz
container contains the samples with seed AZO layers and Au
catalyst, and the other one contains the mixture of ZnO powder
(99.999%) as Zn source and graphite (99.99%) for carbothermal
reduction as mentioned earlier.

The VLS process was carried out at 900 �C in an Ar environment
for 60 min, and finally, the sample was cooled to room temperature
for the duration of 10 h.

2.5. Characterization techniques

Structural, morphological, chemical composition and optical
properties of the thin films were analyzed by different character-
izations techniques in order to collect information at each stage of
the NWs growth (from seed layer deposition to the final develop-
ment of the ZnO NWs).

For structural characterization, X-Ray Diffraction (XRD) RIGAKU
Ultima IV equipment using a copper (Cu) anode with Ka line of
1.5418 Å was used. Measurements were performed in the grazing
incidence angle mode (u¼ 2�) with 2q angle varying from 25 to 65�

at step of 1� in 1 min. Finally, results were corroborated using
zincite (COD 96-900-4180) and gold (COD 96-901-3045) database
sheets.

Morphological properties were studied using a field emission
scanning electron microscopy (FESEM) in a JEOL JSM-7600F
equipped with a Schottky emitter electron source. Images of
planar and cross-sectional modes were obtained at different reso-
lutions (100,000x, 50,000x, 25,000x, and 10,000x) using secondary
electron image (SEI), lower-secondary electron image (LEI) and
low-angle backscattered electrons (LABE) detectors. Images ob-
tained were processed in specific software to get some statistic
information about diameter and length of the grown NWs. Energy
dispersive spectroscopy (EDS) measurements were performed in
parallel to SEM measurements to get some information about the
compositional analysis.

Null (zero) ellipsometry, using a Gaertner L117 ellipsometer, was
employed to obtain the information about the refractive index of
the samples, especially, the ones with the seed layers. Also, pho-
toluminescence (PL) measurements were performed on the sam-
ples using a He-Cd laser with a 325 nm excitation wavelength and
25 mWof power at room temperature. With the utilization of a UV
lamp (l-366 nm), the luminescence of samples was also recorded at
the room temperature with a normal camera.

3. Results and discussion

3.1. Structural properties

Fig. 2 shows the XRD patterns for seed layers deposited via USP
and sputtering techniques, respectively. USP-deposited layer
showed polycrystalline feature, whereas, on the other hand,
sputtering-deposited seed layer shown less crystalline feature. This
structural difference could be related to the deposition parameters,
growth conditions and working principle of both techniques. For
instance, substrates in USP deposition were constantly heated at



Fig. 4. XRD patterns of the samples after ZnO NWs growth using grazing incidence
angle mode (u ¼ 2�).

Table 1
Calculations of the grain size and texture coefficient of the seed layers obtained from
XRD data.

Gs [nm] tCðhklÞ

RPU Sputtering RPU Sputtering

17.8 (±2.7) 6.2 (±0.6) tCð100Þ ¼ 0.7 e

tCð002Þ ¼ 1.85
tCð101Þ ¼ 1.03
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475 �C during the deposition time, while, in the case of sputtering
deposition system they just got aminimal heating during thewhole
deposition process.

From Fig. 2 it can be observed that UPS-deposited sample
showed the different orientations like (002), (100), (101), (102),
(110) and (103) with the main orientation towards (101) peak (at
around 34.6�). It is also seen that there is a slight shift to the right
side of each peak in USP sample (on an average of 0.1� shift) and
which could be related to the modification of ZnO lattice due to the
incorporation of dopant atoms (Al atoms). In the case of sputtered
sample, there is only a broad peak at near 33.78� corresponding to
(002) plane. It must be noted that no secondary phases related to
aluminum (e.g. alumina) were found in the patterns.

The difference in main diffraction peak is related to the partic-
ular deposition technique. For sputtered sample, the peak observed
at (002) is linked to a c-oriented growth of the crystals (Fig. 3a) and
is same as obtained early by Cui et al. [41]. On the other hand, for
USP-deposited sample themain peak at (101) plane is related to the
tilted (Fig. 3b) growth of the crystals.

After ZnO NWs growth, XRD characterization was another time
performed on the samples. Fig. 4 shows XRD patterns of the sam-
ples after ZnO NWs growth. Patterns show a polycrystalline feature
for both samples. Regardless of the NWs growth, samples maintain
the same orientation peaks as in only the presence of AZO seed
layer (Fig. 2). Additionally, patterns also shown particular peaks
corresponding to the Au catalyst used for the growth of NWs (COD
96-901-3045 database sheet).

Grain size (Gs) of the crystals in the seed layers was obtained by
using the Scherer's equation (equation (1)):

Gs ¼ K l

b cosðqÞ (1)

Where K is the shape factor (dimensionless with a value of 0.9), l is
the X-ray source wavelength, b is the light broadening at half
maximum intensity (FWHM) in radians, W is the Bragg angle. Also,
texture coefficient tCðhklÞ using equation (2) was calculated from
data obtained from XRD [44].

tCðhklÞ ¼
IðhklÞ=I0 ðhklÞ

1
NSN

�
IðhklÞ=I0ðhklÞ

� (2)

Where, IðhklÞ correspond to the measure relative intensity of a plane
(hkl), I0 ðhklÞ is the standard intensity taken from COD 96-900-4180
card and N is the diffraction number for the peaks.

Table 1 shows the results obtained from the calculations per-
formed using equations (2) and (3). It can be seen that Gs of the
seed layer deposited by the sputtering technique is smaller (about
Fig. 3. Growing regimen of the crystals in ZnO thin film: a) c-o
one third) compared to the Gs of the seed layer grown by USP.
tc ðhklÞ values obtained are also shown in Table 1. Value of tc ðhklÞ
close to the unity indicates that the number of crystals oriented in
the (hkl) plane is in concordance with the datasheet. Whereas,
values higher than the unity indicates that a specific (hkl) planewas
promoted in the deposition technique. Calculations shows that
(002) plane was promoted by USP deposition technique, while,
main plane, (101), corresponding to ZnO kept closed to the unity.
Despite of this increase, (101) peak in XRD pattern is still found to
be more intense than (002) peak. In the case of the sputtering
sample, calculation of Tc ðhklÞ was not possible due to the presence
of only single wide peak found in the XRD pattern.
riented (columnar) growth [42] and b) tilted growth [43].
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3.2. Morphological properties

Fig. 5 shows SEM images of AZO seed layers at 100,000-x res-
olution obtained using SEI detector. USP-deposited seed layer
(Fig. 5a) shown well-packed grains (polycrystalline feature)
compared with the sputtering-deposited sample (Fig. 5b). This
result is consistent with the XRD patterns shown in Fig. 4, where it
was observed that the sputtering-deposited seed layer showed less
crystalline feature. All of the obtained results validate the fact that
the temperature has a significant influence on the structural and
morphological properties of deposited seed layers. Hence, thereby,
it is quite understandable that the NWs growth could also be
affected due to the changes observed in seed layer properties.

Identical to previous SEM characterization procedure, the same
methodology was employed to characterize the samples after ZnO
NWs growth. Fig. 6 shows SEM images of the NWs grown by VLS
technique on Au-covered seed layers deposited via USP technique.
Frontal view (Fig. 6a) shows themorphological structure of the ZnO
NWs obtained after VLS growth; inset (Fig. 6b) achieved with LEI
detector shows a difference in the contrast of NWs tip as in com-
parison to the rest of structure. The round-shaped structure at the
tip corresponds to the Au catalyst (marked with yellow circles),
whereas, the lengthened structure corresponds to the ZnO nano-
wire. Fig. 6c shows the cross-sectional image of the sample. It can
be observed that the NWs growth is in a multidirectional way (zig-
zag pattern). Obtained SEM results are in good concordance with
results achieved in the XRD pattern.

On the other hand, in comparison to the ZnONWs grown by USP
on the Au-covered seed layer, NWs on the sputtering-deposited
seed layer showed a high-ordered orientation (Fig. 7). In the
planar view (Fig. 7a), hexagonal shape of the NWs is clearly visible.
Fig. 5. SEM images of AZO seed layers using SEI detector at 100,000x re

Fig. 6. SEM images of ZnO NWs grown on USP-deposited AZO seed layer (100,000x resolut
view (SEI detector, 10,000x resolution).
Similar to the other sample, here also in Fig. 7b round-shape
structures corresponding to the Au catalyst could be observed.
Unlike USP sample, this sample showed highly vertical oriented
NWs. Results obtained are in consistence with the XRD spectra
about the NW growth regime. The fact of finding the Au catalyst at
the tip of the NWs validate that VLS growth mechanism directs the
nanostructures growth on the seed layers deposited via USP and
sputtering techniques.

More statistical studies were made on the obtained SEM images
in the cross sectional mode, and the results are shown in Table 2.
NWs grown by USP-deposited seed layer presented an average
diameter (D) of 58.7 nm (±13.5 nm) and an average length (L) of
1.6 mm (±1.0 mm). On the other hand, sputtering-deposited seed
layer sample presented an average diameter of 71.0 nm (±11.9 nm)
and length of 3.1 mm (±0.4 mm). Apart from the visible morpho-
logical differences, these statistical analyses showed additional
differences in the NWs grown by two AZO seed layers. NWs in the
USP sample showed narrower diameter and shorter lengths
compared to the sputtered sample. In addition, high statistical
scattering of the data is found in USP sample as in comparison to
the sputtered sample.

3.3. Chemical composition

Elemental composition of samples obtained from EDS spectra is
also shown in Table 2. It is found there is a diminution in the oxygen
(at%) for the sputtered sample compared to the USP one. Also, it can
be observed that for the USP deposited sample, Al concentration is
just about 15% of the total added precursor solution, but in the case
of sputtered sample, Al concentration is not at all obtained. It can be
assumed that in this case, the concentration incorporated to the
solution: a) USP-deposited layer and b) sputtering-deposited layer.

ion): a) planar view (SEI detector), b) planar view (LEI detector) and c) cross-sectional



Fig. 7. SEM images of ZnO NWs grown on the sputtering-deposited seed layer (100,000x resolution): a) planar view (SEI detector), b) planar view (LEI detector) and c) cross-
sectional view (SEI detector, 10,000X resolution).

Table 2
Composition (before and after NWs growth), refractive index, diameter, length and
thickness (obtained via SEM and null ellipsometry) of the NW is presented.

Sample Seed layer NWs

h tsem
(nm)

tn
(nm)

EDS
(at. %)

EDS
(at. %)

D
(nm)

L
(mm)

USP 2.00
(±0.12)

493
(±86)

512
(±66)

Zn: 48.3
O: 50.6
Al: 1.1

Zn: 50.6
O: 47.1
Al: 0.7
Au: 1.6

58.7
(±13.5)

1.6
(±1.0)

Sputtering 1.93
(±0.04)

872
(±42)

864
(±40)

O: 49.6
Zn: 49.7
Al: 0.7

Zn: 54.1
O: 43.9
Al:
Au: 2.2

71.0
(±11.9)

3.1
(±0.4)
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sample is lower than the detection limit. These differences
observed in the chemical composition likewise support the idea of
an influence of the technique employed to deposit the seed layer.

3.4. Optical properties

Table 2 also shows the results of null Ellipsometry character-
ization performed on AZO seed layers. Measurements were carried
Fig. 8. (a), PL spectra of samples excited with a He-Cd laser at room temperature and sampl
NWs has grown on the Sputtering-deposited seed layer.
out at different locations of the sample before growing the ZnO
NWs to know about the homogeneity of the sample. It can be
observed that both samples presented a value near to the theo-
retical value h ¼ 2:003. Hence, it can be inferred that well-defined
compact AZO seed layers were obtained regardless of the deposi-
tion technique. However, at the same time it can also be observed
that the sputtering-deposited seed layer shown better homoge-
neity around the sample in comparison to USP-deposited one.
Additionally, in Table 2 the thickness of the seed layers have been
shown. It can be observed that the values obtained from the
Ellipsometry are quite similar to the ones obtained from SEM mi-
crographs. USP seed layer has a mean thickness of 492.7 nm, while,
sputtering one has a mean value of 872.7 nm. Compared to USP
sample, the sputtered one showed better homogeneity in thick-
ness. This can be related to high vacuum conditions employed in
sputtering deposition technique. However, after growing the NWs
it was not possible to carry out the ellipsometry measurements due
to the dispersion observed from the sample.

In Fig. 8, PL spectra of samples is shown. It can be seen that both
samples exhibited an intense green emission (GE) in the visible
region and a less intense emission in the UV region as it was re-
ported earlier [45], but via changing the pressure of oxygen during
the deposition. In the present work, GE is commonly attributed to
es excited with a UV lamp: b) NWs grown on the USP-deposited AZO seed layer and c)
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intrinsic defects such as oxygen vacancies (Vo) and zinc vacancies
(Vzn) and the luminescence origin is from the process of electron
recombination in the singly ionized oxygen vacancy (Vo

þ) with
photo-excited holes in the valence band (VB) [46].

As well, it can be observed that the intensity of the visible
emission in sputtered sample is higher than the USP one. Results
obtained are in concordance with the EDS measurements. EDS re-
sults showed that the oxygen concentration in case of sputtered
sample is lower as compared to the USP one. Furthermore, this
could lead to the increase of Vo which could cause higher emission
intensity. The intensity ratio of visible peak to UV (Ivis=IUV ) was
demonstrated earlier in Ref. [47] to give some indication of the
defect amount in ZnO samples.

In the present study, this ratio has values of 4.1 and 8.9 for USP
and sputtered samples, respectively. Higher values of intensity ratio
indicate a higher amount of defect sites. The present result is in
concordance with the results obtained from XRD and EDS tech-
niques supporting the idea of higher emission intensity due to
oxygen vacancies. Furthermore, such an intense green emission
observed at the room temperature could be used in the future for
applications such as nano-photodetectors and nano-lasers.

4. Conclusions

The influence of the deposition method (USP and magnetron
sputtering) on the formation of AZO as seed layer has been inves-
tigated. Furthermore, based on the seed layers structural,
morphological and optical properties of ZnO NWs have been
studied. Results show that the deposition technique employed for
the development of AZO seed layer deposition has a strong influ-
ence on the structure and morphology of these layers and subse-
quently on the formation and properties of ZnO NWs. Together
with XRD and SEM, it was found that the USP-seed layer showed
better polycrystalline features with a (101) preferential growth
compared to the sputtering-one that showed just one broad plane
close to (002) direction. In comparison to the ZnO NWs grown by
USP on the Au-covered seed layer, NWs on the sputtering-
deposited seed layer showed a high-ordered orientation and ver-
tical alignment. Samples obtained from both deposition techniques
showed a stable, visible green emission under UV excitation.
However, some differences in the emission intensity were also
found. The higher intensity in the case of sputtered sample is in
concordancewith the emission related to defects, especially oxygen
vacancies in the sample. Results revealed in the present work may
shed some light on the orientation control and hence, emission of
ZnO nanowires based on seed layers prepared by different
techniques.
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