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Abstract- Transparent semiconducting Al-doped ZnO thin films were prepared on silicon substrates by spray pyrolysis method followed by
in air annealing at 450°C. Zinc acetate dehydrate, 2-methoxyethanol and aluminum nitrate were used as a starting material, a solvent and
a dopant source, respectively. X-ray diffraction patterns show that annealing process improves the crystallinity of the Al doped ZnO thin
films .The mechanism of blue-green luminescence of AZO thin film are analyzed. Energy-dispersive X-rays (EDX) were used to analysis
the composition of Al doped ZnO films. The morphology of the AZO thin films is studied by atomic force microscopy and FE-SEM

analysis. Average diameter of some also obtained nanorodsis ~60 nm.
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. INTRODUCTION

Zinc oxide (ZnO) is one of the most attractive [1-VI
semiconductor oxide materials, because of its wide resistivity
range (10*-10" Q-cm) (Kyung Ho Kim et al., 2014) [1-6],
direct wide band gap (3.37 eV) and large exciton binding
energy (60meV) at room temperature. As a wide band gap
oxide semiconductor, ZnO is an idea material for ultraviolet
(UV) optoelectronic applications. ZnO can be doped with
various Group-111 elements such as B, Al, Ga and In to
induce n type conductivity. The existence of various ZnO
nanostructures (nanoparticles, nanowires, nanorods (NRs),
plate-like, flower-like, etc.) has expanded their use in many
devices, such as thin film transistors (TFTs), field emission
devices, solar cells, chemical sensors and acoustic devices
(Kyung Ho Kim et da., 2014) [4-8].There are severa
deposition techniques that have been employed to grow
undoped and doped ZnO thin films like chemical Vapor
deposition (CvD) [9], magnetron sputtering [10], pulsed
laser deposition (PLD) [11, 12], sol-gel process [13] and
spray pyrolysis (SP) [14, 15]. On the other hand, chemical
deposition techniques have received considerable attention
due to the fact that large areas can be deposited at a low cost
in an easy and safe. As a matter of fact, the chemical spray
technique has been shown successful in the deposition of
conductive and transparent oxides way (H. Gomez et
a.,2007) [16]. Hence, further on we only refer to chemically
sprayed ZnO thin films It is worthy to mention that among all
the 11 Group, Al is a cheap, abundant and non-toxic material
and can be an ideal candidate in replacing In if optimization
of the process Deposition can be reached (H. Gomez et
a.,2007). The spray pyrolysis technique is quite simple and
the required set-up is less expansive and flexible for process
modifications (A. El hichou et a., 2004). The ZnO doping is
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achieved by replacing Znz+ atoms with atoms of elements of
higher valance such as Ins+, Als+, Sna+, Pba+ [1].

Additionaly, by using this technique one can produce large
area films without the need of a high vacuum and the
Produced films can be controlled step by step (H. Gomez et
a.,2007). In this work, Al-doped zinc oxide nanorods (NRs)
are fabricated by spray pyrolysis. Although many studies
concerning chemically-sprayed AZO thin films are reported
in the literature, a lack of information exists concerning the
variationsin some of the deposition variables. Thisisthe case
of the Zn source, as it is usual the deposition of AZO thin
films starting from zinc acetate and Al Nitrate (AI(NOs)3) as
the dopant sources (H. Gomez et a.,2007). [6-10].Also The
structural, morphological and photoluminescence properties
of this films before and after annealing processis studied and
reported.

[I. EXPERIMENTAL DETAILS

A spray pyrolysis system used to obtain the films. Aqueous
solutions of zinc acetate (C4H604Zn-2H20) were used as
ZnO precursors, and aluminum nitrate (Al (NO3)3)) were
used as Al precursors. All the used solutions were 0.1M. The
Al/Zn atomic ratio in the solution was 1%. During the
deposition, the nozzle was 25 cm over the substrate.
Compressed air was used to atomize the solution through a
spray nozzle, over the heated substrate held at 400°C
temperature. The solutions were pumped into the airstream
by means of a syringe pump at a rate of 31 cm3/h [17-19].
The deposition time was varied between 40 to 75 min. p and
n type Silicon (400) substrates of 1 cmx1 cm were uniformly
coated (R. Romero et al., 2006) .
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Fig. 1 XRD patterns of Al-doped ZnO thin films prepared
with [Al]/[Zn] ratios at.1% and annealed at 450°C

I1l. STRUCTURAL PROPERTIES

The X-ray diffractograms of prepared AZO films at 400 C
on p-type Si,(400), with both conditions of annealed at 450°C
for 60 min and non-annesled with thickness of 380 nm were
investigated. The x-ray diffraction (XRD) was used to
investigate the structure of AZO thin films. The diffraction
patterns were recorded by using a X ’Pert PRO model
PW3050/60 XRD system with Cu-Ka radiation, and with
Grazing measurement program operated at 40 kV and 40 mA,
with angular range 10° < 20 < 100.The XRD patterns of
annealed AZO thin films depicted that all the films were
polycrystalline in nature and of hexagonal wurtzite structure
Furthermore, for the AZO films The trend of FWHM values
indicated that the crystallinity of the films was improved with
annealing (Joydip Sengupta et al., 2012). It was also
observed (Table 1) that average grain size was augmented
with annealing temperature for AZO films. This could be
explained by considering the annealing induced coalescence
of small grains by grain boundary diffusion which resulted in
major grain growth. By annealing process, the grains become
denser and larger which can be considered the coalescence
process induced from thermal treatment [20]. For ZnO
nanoparticles, there are many frenkel defects, such as Zn
interstitials and oxygen vacancies at the grain boundaries
(Min-Chul Jun et a., 2013) [20]. The crystallite size (I) of the
ZnO:Al thin films was estimated from the X ray diffraction
spectra based on the full-width measured a half-maximum
(FWHM) of the (002) peak, using the Scherrer Eq(1):

D=k\/Bcos® (1)

where A is the wavelength of the Cu Kal radiation A=0.15406
nm, B is FWHM of the diffraction peak measured in radians
and 0 is the corresponding diffraction angle. The grain
growth mechanism includes the transfer of atoms at grain
boundaries from one grain to another and the final grain size
depends upon the specific annealing conditions (Joydip
Senguptaet a., 2012). .
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Fig. 2 XRD patterns of non-annealed Al-doped ZnO thin
films prepared with [Al]/[Zn] ratios at.1%

TABLE 1 ANNEALING PROPERTIES

sample Annealing Annealing The average
temperature | time size of the

grain by
XRD(nm)

1.a% 450°C 60mins 20

AZO/Si

1.at% Non- | —=mmmeee 18.4

AZOISi annealed

IV. MORPHOLOGICAL PROPERTIES

Figures 3 and 4 are a typicad AFM surface images of an

AZO Film of annealed AZO at 450 C and non-annealed
respectively (table 2). AFM results indicate that the root-
mean-square surface roughness and the average surface
particle size. for anneadled sample are 14.46 and 59 nm,
respectively and for non-annealed sample are 5.71 and 40
nm. It indicates that with annealing process the RMS and the
size of the grain isincreased. The second reason, therefore, is
that the polycrystaline AZO film deposited by SP has large
surface roughness and surface particle size Pin-Chuan Y ao et
a., 2010). aso the histogram show that the mean Ht for
annealed sample and none annealed sample is 58.49 nm and
42.37 nm.
In a thin film solar cell, AZO NRs play the roles to extract
carriers from the absorber and provide a fast and direct path
for these carriers. The efficiency of asolar cell strongly relies
on the crystallinity, density, diameter,and length of AZO NR
[21]. when two bending NRs cross, the opposite charges will
lead to the attraction at the crossed position due to the large
electrostatic force one can see that the measured grain sizes
from AFM are bigger than the ones derived from XRD data.
This is because of the limitation of AFM to resolve smaller
crystalites within a bigger grain (Mohit Kumar et al., 2013)
[22, 23].
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Fig 4. AFM image of non-annealed AZO thin film

TABLE 2theaverage grain sizeby AFM

sample Annealing Annealing Theaverage
temperature | time size of the

grain by
AFM (nm)

la% 450°C 60mins 59

AZO/Si

lat% Non- | ====mmmemeee 40

AZOISi annealed

Figures 5 and 6 and 7 show FE-SEM images of air-annealed
the AZO NRs and thin films grown on the Si (400) substrate
by using the SP method. Figs 6 and 7 shows non-annealed
AZO thin films. Fig 5 shows cross sections of the NRs and
thin film of annealed AZO nanorods at 450°C. The annealed
grown AZO NRs had average length of about 400 nm On the
other hand, the AZO NRs average diameter is about 60 nm.
NRs are one morphology of nanoscale objects. They may be
synthesized from metas or semiconducting materials.
Standard aspect ratios (length divided by width) are 3-

1SSN:2278-5299

5.These vertical NRs arrays are highly suitable for use in
solar cells [24]. This will make the solar cells more efficient
at converting the solar energy that is directed at them. Firt,
the rod diameter, length, spacing, and orientation are
appropriate for forming a high-performance bulk hetero
junction by filling the vertical array with a semiconducting
polymer. In films, nucleation can be facilitated by the
presence of the substrate, which congtitutes a site for
heterogeneous nucleation (Jong-Pil Kim et al., 2010) .The
diffusion and hopping distance are dependent on substrate
temperature. The grain size of the annealed and non-annealed
filmsis shown in (table 2). And is comparable obtained grain
size from XRD measurements (table 1). At the temperature of
400 C, the film had respective stoichiometry ratio between
Zn and O which leads to the well crystallinity and thus to the
large grain size. It can be seen that, with the annealing
temperature of 450 C, the grain size is increased and more
voids are presenting the film (Chongmu Lee et a., 2006).

SEM HV: 15.0 KV
View field: 2,77 prm
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Fig 5. FE-SEM cross-section image of annealed AZO NRs
And thin film
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Fig 6. FE-SEM image of non-annealed AZO thin film
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Fig 7. FE-SEM image of non-annealed AZO thin film

V. EDX SPECTRA

Figures 8 and 9 show the energy-dispersive X-ray spectrum
of 1 % AZO film. The spectrum reveals the presence of Zn,
O and Al elements in the deposited films. The silicon signal
appears from the substrate. The presence of the Zn L, peak at
about 1.012keV, the Al K, peak at 1.670keV and the O K,
peak at 0.450keV could be observed in the spectra. The table
shows the related information about wt%, At%, k-ratio, and
ZAF correction of annealed AZO and non-annealed AZO
thin films respectively. According to this information, a
change is obtained between percent of annealed and non-
anneadled AZO thin films. And this result follows the
investigated information of XRD analysis. The energy of the
X-rays that can be generated through inelastic scattering is
characteristic for the energy levels of the elements present in
the sample. By scanning the energy of the emitted X-rays, if
the electron beam knocks out an inner shell electron of a
sample atom (Elin Hammarberg et al), the vacancy is filled
by an outer electron, and the excess energy is released as X-
ray radiation.The transitions are named K-series, L-series,
etc. after the shell of the knocked-out electron [25, 26].
EDAX can aso be used for quantitative elemental analysis of
the sample if a suitable calibration procedure has been
adopted Since calibration standards consist of pure elements,
whereas investigated samples normaly are compounds,
corrections of atomic number (2), absorption (A), and
fluorescence (F) effects must be carried out (so-caled ZAF
correction). The ZAF is investigated in these figures (Elin
Hammarberg et a) .
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Figure 8. EDAX spectra of annealed AZO thin film
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Figure 9. EDAX spectra of non-annealed AZO thin film

VI. PHOTOLUMINESCENCE SPECTRA

Figures 10 and 11 show the room-temperature PL spectra

of the AZO as a function of the photon energy for the Al
doping ratio. As shown in Figure 10, the PL spectra of the
AZO with annedled conditions exhibited a near band-edge
(NBE) a about 3.02 eV (UV region) and a deep-level
emission centered at around 2.72 eV (blue-green region)
(Pin-Chuan Yao et dl., 2010).
.and for non-annealed 2.97 and 2.75 is exhibited respectively.
The green band at around 2.4ev and the other one is located
in the energy range 2.5 €V. The intensity of the green band
increases significantly with annealing time [27, 28]. Oxygen
vacancy, oxygen interstitial, zinc vacancy, and impurity are
considered to be possible origins for these bands (Y .G. Wang
et a., 2003). The near-band-edge (NBE) emission, which was
generated by the free exciton recombination at about eV is
showed. The green DLE originates from the recombination of
the holes when electrons are observed to occupy the singly
ionized oxygen vacancy (Vo) (Y.G. Wang et al., 2003) [29].
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Figure 10. photoluminescence spectra of annealed AZO thin
film at 450°C
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Figure 11. photoluminescence spectra of non- annealed AZO
thin film

V1. CONCLUSION

In summary, we have fabricated AZO NRs by depositing a
layer of AZO thin film on Si substrate using the spray
pyrolysis technique. Influences of Al doping and an
annealing treatment on structural and morphological and
luminescence properties of AZO thin films were studied. The
XRD spectra indicate that the films are of polycrystalline
nature. It is clear that the morphology and grain size of the
AZO thin films is influenced by the deposition conditions
and annealing process. The EDX spectra and FE-SEM
analysis confirmed the presence of auminum in this
composition and AZO NRs structure respectively.
Photoluminescence spectra exhibited the region of NBE and
DLE emission and confirmed the influence of annealing
process on green band.
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