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Abstract

Un doped and copper doped ZnO (0-5 wt.%) were synthesized by spray pyrolysis technique
(homemade) annealed at 375°C. Zinc acetate and copper chloride were used as sources
precursor of ZnO and Cu doping, respectively. Optical and structural properties of elaborated
thin films were examined by using UV-visible and X-ray diffraction. The optical study
indicate that the average transmittance of all samples was more than 81% in the visible region
and become more transparent after doping. Optical gap energy was observed to vary between
3.25 - 3.28eV. The structural analysis showed formation a hexagonal wurtzite structure ZnO
with a strong (002) preferred orientation except (for 0.0 and 1.5 wt%), while the crystallite
size is estimated 23 to 29nm for 0-5wt.% Cu doped ZnO thin films.
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1. Introduction
Zinc oxide ( ZnO) is one of the most important semiconductor materials , which has attracted

a lot of scientific attention due to its several applications such as, light emitting diodes [1], gas
sensors [2], solar cells [3] transparent conducting contacts [4], energy storage devices [5],
electronic devices [6], liquid crystal displays [7], photo detection [8]. It has wide band gap
(3.3 eV) with a large exciton binding energy (60 meV) at room temperature [9, 10] and own
the property of transparent conducting oxides (TCO) which are widely used in various
transparent electronics applications [11]. As thin films ZnO can be deposited by several
techniques such as chemical precipitation method [12], sol-gel [13], chemical bath deposition
(CBD) [14], Co-precipitation [15] and spray pyrolysis [16]. Among these methods, more
focuses, particularly, on the spray pyrolysis technique because of its advantages such as
simplicity, safety and low cost of the equipments for thin films deposition. Use of moving
nozzle coupled with spray pyrolysis was proced on glass substrate leading to relatively
homogeneous composition and fine microstructure with high quality [17]. Also possibilities
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of large-scale area deposition, low temperature processing and direct control of film thickness
are feasible. Doped ZnO with little amount of several elements was an attracted subject for
researchers. It is well known that doping with aluminum was to obtain a conducting
transparent ZnO [18]; whereas doping with Cooper, in pervious study [13], was to ameliorate
the sensitivity for the gas detection trough the augmentation of the specific reactive surface.
As well, Mn doping regarded as an ideal material for short wavelength magneto-optical
applications due to its the thermal solubility of Mn into the ZnO and large band gap [19].
While, doped Lanthanum, it enhances in the removal of the ions copper from water solutions
[17], etc...

The aim of this work is to focus more on Cu doping effect, in the range of concentration
(0-5 Wt. %) in the sprayed solution, on optical, structural and morphological properties of
synthesized ZnO via a spray pyrolysis technique with moving nozzle [17]. Outcome of Cu
doping concentration stepped as (0.0, 0.5, 1.5, 2.0 and 5.0wt. %) on optical, structural and
of ZnO thin films deposited onto glass substrate at temperature up to 375°C will be
investigated. All elaborated samples of Cu doped ZnO thin films and undoped were
characterized using UV-visible spectroscopy, X-ray diffraction (XRD) and scanning
electron microscopy (SEM) techniques, respectively.

2. Experimental methods
2.1. Synthesis of thin films ZnO

In this study, 0-5wt% Cu doped ZnO thin films were prepared via spray pyrolysis
technique. For the preparation of thin films, zinc acetate dehydrate (Zn (CH3COO),, 2H20)
and copper chloride (CuClz,7H.0) were used as sources for ZnO and Cu dopant, respectively.
First of all, zinc acetate dehydrate (0.5 M ) were prepare by dissolving zinc acetate amount of
2.19 g in 20 ml double distiller water and methanol solution in a volume ratio (1/2:1/2). Some
drops of acetic acid (CHsCOOH) were added into solutions as stabilizer and the mixture
stirred on magnetic for 90min at 50 C° under vigorous stirring till getting a clear and
homogeneous colorless solutions. For Cu doped ZnO, the molar percentages doping of Cu/Zn
(0.5-5 wt.%) were added to the initial above solutions with kept in magnetic stirrer for the
same time and temperature (90 min at 50 C°) until become a clear and homogeneous bleu
solutions too. All our thin films samples deposited on heated 375C°glass slides (ref: 217102)
during 12 min with a spray rate of the solution about 5mL/min with keeping distance nozzle-
substrate equal 5 cm.

2.3. Characterization Techniques

The optical transmittance spectra of all samples were measured using a UV-Visible
spectrophotometer (Shimadzu, Model 1800) in the region of 300-900 nm. X-ray diffraction of
all thin films recorded using (XRD) with CuKa radiation (A=1.5418 A).
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3-Results and discussion
3.1 Optical analysis

Fig.1 illustrates the optical transmittance spectra of thin films for different
concentrations doping (0, 0.5, 1.5, 2 and 5 wt%) measured in range 300-900 nm. All the
samples have transmittance of about (81-91%) in the wavelength range higher than 400nm,
transmittance values after doping are greater than undoped value, this increase is may be
assigned to high-quality of the thin films with feeble absorption losses or scattering [20]. as
reveled by the feeble Urbach energy see table 1 and also based on calculated dislocation
(6=1/D?) which means the number of (lines/m?) on the surface of the samples. It reveals that
the doped sample at 2 wt% has the minimum value, then has a minimum scattering.
Transmittance values are mentioned in Table 1. While at region wavelength lower 400 nm, an
abrupt fall of the transmittance, for all the thin films, can be seen, exhibiting the onset
fundamental absorption due to the transition between the valence band and conduction one.
The energy band gap was calculated using well know Tauc equation:

(¢hv)’ =B(hv—E,)

where Eg and hv are the band gap and the photon energy, respectively; a is the absorption
coefficient and B is a constant. The variation of (ahv)? plot as a function of (hv) is shown in
Fig.2. The optical band gap Eg4 of all the samples are obtained by extrapolating the linear part
of the (ahv)? vs (hv) to the energy axis at (ahv)? =0. Fig. 2 displays the deduction of Eq values
which are found to be about (3.25-3.28 eV) as listed in Tablel. A decreasing in the optical
band gap for the Cu doped samples compared to the undoped one (3.275eV) in the cases of
(0.5, 1.5 and 2 wt. % of Cu) then increase for 5wt. % Cu doping. Such reduce may be caused
by sp-d exchange interactions between the band electrons of ZnO as well as the localized d-
electrons of Cu*? ions substituting Zn*2 ions [21 , 22-25]. On the other hand, the decrease in
the band gap by Cu doping is moreover attributed to the strong p-d mixing of O and Cu [26].
Whereas the increase from 3.268 to 3.284 eV in the case for 5Cu%. This increase in the value
of Eq may originated from Burstein-Moss effect .
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Fig.1. Transmittance spectra of ZnO thin films with different concentration (0-5wt%)
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Fig.2. Plot of (ahv)? versus (hv) for the band gap determination for different concentration (0-5wt%).

We have used the band tail energy Eu, which characterizes the disorder defects in thin films,
the band tail energy was calculated using the well know following relation:

a=a,exp(hv/E,))

where « is the absorption coefficient, ao is constant; hv and E, are photon energy and Urbach
energy respectively. The Urbach energy was determined from the inverse of slop of In(a)
versus (hv), as depicted in Fig. 3. The found Urbach energy values varied between (88-104
meV), which are feeble values indicating the feeble disorder defects in thin films product.
Compared between each other the Cu doped ZnO samples reveal high transmittance in the
case of 2wt. % Cu doping which may be due to the less disorder in the product as illustrated
in table 2.
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Fig.3. Plot of (/na) versus (hv) for the Urbach energy determination for different concentration (0-5wt%).

Table 2. Optical parameters for ZnO:Cu thin films.

Cu/Zn (Wt%) T% Eq(eV) Eu(meV) 4§ (10*%line/m?)

0.0 81.25 3.275 88.58 1.76
0.5 86.12 3.259 104.70 1.37
1.5 85.04 3.262 104.15 1.47
2.0 91.71 3.268 89.68 1.11
5.0 89.86 3.284 95.69 1.42

3.2 Structural analysis

Fig.4 shows the XRD patterns of (0-5wt%) Cu doped ZnO. The obtained diffraction
peaks obviously exhibits the crystalline nature of ZnO with peaks corresponding to (100),
(002), (101), (110) and (103) which are in good according with the standard Join Committee
Powder Diffraction JCPDS (Card No. 36-1451, space group p6smc) corresponding to
hexagonal wurtzite structure of ZnO . As growth direction, c-axis (002) plane in all the thin
films except ones (for 0.0 and 1.5 wt%) is the preferred. Comparing with undoped sample,
one can detect from the XRD spectra that a small shift of the peaks towards the greater values
of 20 angles with (2 and 5 wt.%) Cu doped ZnO conforming the substitution of Zn?* by Cu?*
in the lattice as seen in insert of Fig. 4. There are no additional or any peaks corresponding to
copper. The averages size crystallite at (002) peaks were evaluated using Debye Sherrer’s
formula:

094
pcosé
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where A, f and @ are the wavelength of X-ray, the full width at half maximum (FWHM) and
the Bragg's angle of (hkl) reflections, respectively. The crystallite size of all thin films ZnO
was averaged between (23-29 nm). After doping this average gradually increases with doping
compared to the undoped ZnO. The maximum crystallite size was obtained with 2% wt Cu/Zn
doping then decreases. For further information, the lattice parameter c is estimated using the
following relations:

2d,, sinéd=ni

and

d % 3

2 2

1 _4(h*+hk+k*) I

[
where n is the order of diffraction, dnx is the plane spacing and hkl are the Miller indices of
the planes. Compared to undoped sample, there is slight decreasing in the lattice parameter ¢
of ZnO matrix for (2 and 5 wt% doping) which can be attributed to replacement of Zn*? by
Cu*? having ionic radius (0.73A) into ZnO crystal lattice. The later is a less than Zn*? ionic
radius (0.74 A) leading to a decrease in the d inter spacing and unit cell. All those structural
parameters of ZnO thin films are tabulated in Table 2
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Fig. 4. X-ray diffraction pattern of ZnO thin films with different Cu concentration (0-5wt%), insert represents
the shift of 0.
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Table 2. Structural parameters for (0-5wt%) Cu doped ZnO thin films (co is taken from
JCPDS (Card No. 36-1451, space group p6smc))

Samples 20 Lattice parameters(A) Calculated Average grain size
wt%Cu doping d(A) (nm)
G Ac=c-Co
0.0 34.424 5.2089 0.0029 2.6045 23.82
0.5 34.417 5.2099 0.0039 2.6049 26.98
15 34.406 5.2117 0.0057 2.6058 26.02
2.0 34.488 5.1996 -0.0064 2.5998 29.99
5.0 34.538 5.1923 -0.0137 2.5961 26.54
4. Conclusion

In summary, undoped (ZnO) and copper doped ZnO thin films were deposited by spray
pyrolysis technique with moving nozzle (homemade) onto glass substrate heated at 375°C.
The optical study reveals that the average transmittance of all samples was more than 81% in
the visible region, and becomes more transparent with Cu doping. Also optical gap energy
predicted to be in 3.25-3.28eV range. XRD study indicated that all thin films are crystallized
in a hexagonal wurtzite structure with a strong (002) preferred orientation except (for 0.0 and
1.5 wt%). A maximum value of crystallite size G=29 nm is attained with 2wt.% doping. As a
result, Cu is a good doping quality for transparent ZnO thin films amelioration which may be

widely applied in optoelectronic devices, etc.
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