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ABSTRACT

Cu-doped ZnO (ZnO:Cu) thin film was deposited on glass substrate using a sol-gel spin coating method.
The film was prepared at various spinning rate followed by sintering at 250 °C for 10 min and annealing
at 350 °C for 2 hours. The effect of spinning rate on structural properties was investigated by means of
X-ray diffractometer (XRD), scanning electron microscope (SEM) equipped with energy dispersive X-
ray (EDX). The diffraction pattern indicated that Cu-ZnO thin films showed a strong c-axis orientation,
i.e. the peak attributed to (002) plane at a 26 of 34.42°corresponding to hexagonal wurtzite crystals.
An increase in the spinning rate resulted in ZnO:Cu thin films with high homogeneity. It was further

proved by SEM and EDX results.

Keywords: ZnO:Cu; thin film; spinning rate; sol-gel spin coating.

1. INTRODUCTION

Thin film technology continues to develop
towards cheap and environmentally friendly
materials that are easy in large-scale production
(Harish et al,, 2019). In addition, a good structure
with optical, electrical and magnetism properties
is required for good thin films (Ammaih et al,
2014). The development of thin film technology
has been applied to solar cells (Tumbul et al,
2019), transparent conductive oxide (TCO)

© 2020 Innovation Center LPPM UNNES Semarang

(Mughal et al., 2017), photocatalysts (Kaviyarasu
et al, 2017), transistors (Ruzgar & Caglar, 2019),
super capacitors (Hassan et al., 2019) and others.
Recently, researchers have paid more attention
zinc oxide (Zn0); a II-VI inorganic semiconductor.
Waurzite structure of ZnO with a lattice spacing a
of 3.25 A and ¢ of 5.21 A has a bandgap width of
3.4 eV and melting point of 2,248 K (Arif et al,
2018). However, ZnO shows weaknesses in their
electrical properties. In order to overcome this
issue, the addition of doping from transition
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metals such as copper (Cu) is an effective method
(El-Hilo et al., 2009; Marwoto et al., 2012).

Several methods of growing thin films
have been developed such as RF magnetron
sputtering (Samavati et al,, 2016), DC magnetron
sputtering (Zhu et al, 2015), spray pyrolysis
(Mimouni et al, 2015), metalorganic chemical
vapor deposition (MOVCD) ( Li et al, 2019),
molecular beam epitaxy (MBE) (Darma et al,
2019), pulsed laser deposition (PLD) (Zawadzka
et al, 2016) and sol-gel spin coating (Leelaruedee
etal, 2019). Sol-gel spin coating is very promising
method in the thin film preparation due to its easy
and inexpensive process, as well as feasible to
large scale production (Arif et al, 2018;
Nimbalkar & Patil, 2017). The effectiveness of this
method is significantly influenced by several
factors such as rotation speed and time. This
rotational speed per minute was reported to affect
the surface morphology, subsurface defects and
impurity content of the thin films (Ilican et al,,
2008).

This paper discussed about the effect of
spinning rate on the structure and morphology of
the prepared ZnO:Cu thin films. The thin films
were grown on glass substrates and sintered to
form new compounds and crystal structures. The
surface structure and morphology of the thin films
were investigated by using X-ray diffraction
(XRD) and scanning electron microscope (SEM)
equipped with energy dispersive X-ray (EDX),
respectively.

2. METHODS

Zinc acetate dihydrate Zn(CH3C00)2.2H20, AZD
and copper(Il) acetate monohydrate
Cu(CH3C00)2.H20, CAM were of analytic grade
with a purity around 99.99% and utilized as the
precursor. 2-Propanol CH3CH(OH)CHs and
monoethanolamine NH2CHCH20H, MEA were
used as solvent and stabilizer, respectively. All the
chemicals were obtained from Merck KGaA,
64271 Darmstandt (Germany). The precursor
solutions were prepared at 0.5 M by mixing 2.17 g
of Zn(OAc)z and 0.02 g (Cu(OAc)z in 20 mL of 2-
propanol and stirred using a magnetic stirrer.
After stirring for 15 minutes at 60 °C, 0.62 mL of
MEA was added to the solution under stirring at a
constant rate. The final solution was stirred at the
same temperature (60 °C) for another 60 minutes.

The final solution was a highly homogeneous and
transparent blue color solution. The solution was
then left for 24 hours at room temperature to
ensure there was no any precipitate in the
solution. At the same time, a cleaning process of
the glass substrate was done using acetone for 15
minutes and methanol for 5 minutes in an
ultrasonic bath. The glass substrate was dried by
flowing nitrogen gas. Afterward, the solution was
dropped on the glass substrate and spined at
various spinning rate i.e. 2600, 2800, 3000, 3200,
and 3400 rpm for 15 seconds. The resulted Zn0O:Cu
thin films were thermally sintered at 250 °C for 15
minutes and annealed at 350 °C for 2 hours. The
structural properties and orientation of the
Zn0:Cu thin films were investigated by means of
x-ray diffractometer (XRD) using a Cuk,
radiation (A = 1.542 A). The lattice constants a and
c of the hexagonal wurtzite structure of ZnO film
with (002) orientation were calculated using
equations (1) and (2) (Kahouli et al, 2015;
Poongodi et al., 2015).

_ A
A= TBsine
(1)
A
" cos@
(2)

The results of the lattice constant a and ¢ based on
calculation are similar to JCPDS reference number.
The crystallite size, D was calculated by the Debye-

Scherrer's equation (Equation (3)).
KA

- B cos 6

(3)

where K is the Scherrer constant (0.89), A (1.542
A) is the wavelength of radiation, § is FWHM and
0 is the peak position of XRD. Then, the dislocation
density, § was obtained using equation (4).

1
S = -
(4)

The surface morphology of the prepared
thin films was investigated using a scanning
electron microscope (SEM) equipped with an
energy dispersive X-ray (EDX) to determine the
elemental composition of the obtained ZnO:Cu
thin films.
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3. RESULTS AND DISCUSSION

3.1. Structural Study

The direction of crystal orientation and
the structure of the Zn0:Cu thin film crystals were
examined using XRD. The XRD patterns of the
Zn0:Cu thin films made prepared by the sol-gel
spin coating method with different spinning rate
i.e. 2400, 2600, 3000, 3200 and 3400 rpm are
shown in Figure 1. Three dominant peaks that
corresponded to plane (100), (002), and (101)
were observed in the XRD patterns. Those closely
matched with the JCPDS datai.e.01-078-3315 and
76-0704 indicating that the prepared ZnO:Cu thin
films showed a polycrystalline structure. The data
also indicated that the prepared ZnO:Cu thin films
had a hexagonal wurtzite structure (Astuti, et al.,
2019; Khosravi, et al,, 2019). The XRD patterns in

Figure 1 also indicated that all of the prepared
thin films had no preferred orientation. This might
be due to the preferred orientation was weakened
and the rotation speed on the spinning process
might have no effect on the crystal orientation.

This study would like to focus on (002)
peak because the crystal with (002) orientation
plane could be applied as a window layer on the
solar cell technology. A window layer material
should have a high transmittance and a wide band
gap energy. Previous study reported that (002)
ZnO thin films showed a high transferability of 80-
90% (Bedia et al., 2015; Rahmane et al., 2015),
while the optical properties of the prepared
ZnO0:Cu thin films would be discussed later in the
next study. The lattice constants and crystallite
size of the ZnO:Cu thin films are presented in
Table 1.
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Figure 1. XRD patterns for ZnO:Cu thin films prepared using a sol-gel spin coating method with
various spinning rates (2400-3400 rpm).

Table 1. Structural and lattice parameters of the Zn0O:Cu thin films prepared using sol-gel spin coating
method with various spinning rates of 2400-3400 rpm.

Spinning 26 () Fv:;[M Lattice(cg))nstants (ntrin) (nlr)n) (m(:12) consl;::lt::%rom
rate JCPDS (A)
'PM) 400 002 100 002  a(100) c(002) (002) (002) a (100) (0;2)
2600 3170 3442 016 020 326 521 261 4230 000056 325 521
2800 3176 3446 020 016 326 521 260 5289 000036 325 521
3000 3180 3443 012 012 325 521 260 7049 000020 325 521
3200 31.8 3444 016 016 325 521 260 5289 000036 325 521

3.2. Surface Morphology
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The surface morphology of the ZnO:Cu
thin films prepared using a sol-gel spin coating
method with different spinning rate (2600, 2800,
3000, 3200, and 3400 rpm) was analyzed by using
scanning electron microscope (SEM) equipped
with an EDX to reveal the elemental composition.
Figures 2 shows the change in the surface
morphology of the ZnO:Cu by increasing the
spinning rate. The SEM micrographs in Figure 2
indicated that an inhomogeneous and dense
structure (Arif et al., 2018). The agglomeration of
particles was observed in all micrographs (see
Figure 2). It was clearly shown in Figure 2 that the
ZnO:Cu thin film with a spinning rate of 3000 rpm
showed a higher uniformity compared to the
other thin films prepared in this study. This was
well-confirmed by the XRD patterns presented
earlier in Figure 1.

Figure 2. SEM images of the ZnO:Cu thin films

prepared using a sol-gel spin coating method

with a spinning rate of (a) 2400 (b) 2600 (c)
3000 (d) 3200 and (e) 3400 rpm.
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¥ )

Figure 3. EDX result of the Zn0O:Cu thin films prepared using a sol-gel spin coating method with
various spinning rate (2400-3400 rpm).

Table 2. Elemental composition of the ZnO:Cu thin films prepared using a sol-gel spin coating method
with various spinning rate (2400-3400 rpm).

Spinning Elemental Concentration (%)
rate (rpm) 0] Zn Si Cl Ca Cu
2600 39.52 32.56 12.99 12.8 1.6 0.52
2800 50.98 20.23 19.06 7.03 2.36 0.34
3000 50.84 30.26 14.48 2.07 1.78 0.57
3200 53.06 29.71 7.98 7.53 1.30 0.42
3400 4791 38.07 10.31 1.95 1.41 0.35

Stoichiometry and elemental composition of the
Zn0:Cu thin films were carried out using an
energy dispersive X-ray (EDX) spectrometer.
The results are shown in Figure 3 and Table 2.
The EDX result in Figure 3 confirmed the
presence of Zn, O and Cu elements in the ZnO:Cu
thin film prepared in this study. In addition, the
contaminants such as Si, Cl and Ca elements
were also observed in the EDX result. The
observed Si element was expected come from
the substrate due to the thin samples during
analysis. Furthermore, the observed Cl and Ca
elements were likely coming from the raw
material used during the synthesis of the thin
films. Figure 3 also shows that Cu element
showed a high peak intensity at the same point
as Zn did. It might indicate that Cu atoms
substituted several Zn atoms in the ZnO matrix
(Hanh et al., 2019). All samples appeared to
contain Cu elements indicating that Cu dopant
has entered the ZnO bond. Finally, it also
indicated that the spinning rate in the sol-gel
spin coating method might only affect the

10

structure properties such as uniformity, FWHM,
crystallite size, that would further affect the film
quality.

4. CONCLUSIONS

The ZnO:Cu thin films grown using a sol-gel spin
coating method has been carried out with
different spinning rates (2400-3400 rpm). The
XRD patterns indicated that the resulted ZnO:Cu
thin films had a hexagonal wurtzite structure with
a dominant orientation of (002) plane. The
morphology of the film prepared with the
spinning rate of 3000 rpm showed a higher
uniformity compared to those with other spinning
rates. The presence of Cu, Zn and O elements along
with the concentration of each element in the
prepared ZnO:Cu thin films was observed based
on the EDX results. The Cu atoms likely
substituted several Zn atoms in the ZnO matrix. Cu
atoms were observed in all ZnO:Cu thin films. The

highest concentration Cu atoms with was
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observed in the Zn0:Cu thin films prepared with a
spinning rate of 3000 rpm.
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