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1.0 Introduction

Oxides of copper are used in the fabrication of solar energy
harvesting devices, gas sensors, and superconductors
(Diachenko et al., 2021; Shinde et al., 2006). Various deposition
techniques such as sputtering, (Abinaya et al., 2020),
electrodeposition, (Kondrotas et al., 2015) thermal evaporation
(Huang et al., 2004) and chemical bath deposition (Godbole
and Tiwary, 2017) are employed to prepare films as cost
effective methods (Khatami et al., 2015). The properties of the
thin-film are governed by a number of parameters such as
aerosol formation and transport, solvent evaporation, droplet
impact with substrate and its subsequent spreading, and
precursor decomposition (ZareAsl et al., 2018). The role of

substrate temperature on electrical, morphological, and optical
properties of copper oxide thin film synthesized by spray
pyrolysis of aqueous solution of copper (II) acetate
monohydrate, Cu(C2H3O2) 2•H2O, was examined in this study.
We had noted a change from P type conductivity to N type
conductivity for film coated with a substrate temperature of
400oC.

2.0 Experimental Details

2.1 Film Deposition
A clear solution of 0.05M copper acetate was prepared in

double distilled water using copper (II) acetate-monohydrate,
Cu(C2H3O2)2•H2O, (Merck, 99.9%). The solution was
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manually sprayed onto the substrate using a pneumatic
sprayer, keeping the substrate temperature constant. Filtered
normal air with pressure kept constant at 0.2Kg cm–2 above
atmospheric pressure was used as carrier gas. The distance
between the spray gun and the substrate was 20 cm and the
flow rate of solution was kept as 30 ml per minute. Samples
were prepared for substrate temperatures 300oC, 350oC and
400oC. All samples were then annealed at 450oC in air for two
hours.

2.2. Characterization Techniques

The structural properties of the films were determined by
using PAN alytical Aeris bench-top XRD instrument. The
diffraction intensity was taken by varying 2 values in the
range 10–90o. Film morphology was analyzed by using field
emission scanning microscope (FESEM), (JEOL-JSM-7610F).
Investigation in optical transmission was performed with
Agilent Cary 60 UV-vis spectro-photometer. Film thicknesses
were estimated with near normal spectroscopic reflectometer
(HO-NNSR-01). Electrical characterization of the films was
carried out at room temperature using a custom-made Hall
effect measurement system with probes in Vander Pauw
configuration witha magnetic field of 5000 G.Keithley’s 2450
source measure unit (SMU) was also used to determine
electrical conductivity using the two probe method.

3.0 Results and Discussion

3.1 Structural Properties

3.1.1 XRD analysis
The samples’ patterns obtained with X-ray diffraction are

consistent with COD file number 00-901-6057. All the samples

are poly crystalline with strong orientation along [1–11] plane
having a monoclinic lattice structure (Figure 1A). The average
grain size of CuO thin films were calculated using Scherer’s
equation (Cullity et al. 2001). The result obtained is tabulated
in Table 1. It is clear that the grain size increases with
substrate temperature. As the temperature of the substrate
increases the thickness was found to be decreasing. This may
be due to the increased upward air current at the higher
temperatures which resists droplets from reaching the
substrate.

3.1.2 Raman analysis
Raman analysis was carried out to get more information

about the structure of the samples prepared. CuO can have
Raman modes at frequencies 296 cm–1, 346 cm–1 and 631cm–1

in bulk samples corresponding to Ag and two Bg vibrations.
In the present case we got intense peaks at 302 cm-1 and 614
cm-1 and a feeble peekat 346 cm–1 (Fig.1B). The peak at 302
cm-1 corresponds to Ag mode vibrations, while the peak at
614 cm-1 corresponds to Bg2 mode vibrations (Reichardt et al.,
1990). Peak at 346 cm–1 is comparatively less intense,
indicating that oscillation along Bg1 mode of vibrations is less
likely in this sample.

3.2 Surface Morphology Analysis

FESEM images of CuO thin films produced at various
substrate temperatures are shown in Figure 2 (a), (b), and (c).
Image of the film coated at 300oC, Figure 2(a), revealed that
the film has an inhomogeneous surface morphology with fine
particles distributed on the surface. Figure 2(b) and 2(c) show
that samples coated at 350oC and 400oC have bigger irregular
flat structures formed due to agglomeration of particles.
Figure 2(d) confirms that the film contains Cu and O elements
and the element overlay figure (inset of Figure 2(d)) revealed

Figure 1: (A) XRD patterns of the samples prepared at different substrate temperatures, (B) Raman shift of sample synthesized at 350oC
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that they were dispersed uniformly across the film. The
occurrence of Ca and Si peaks in the EDAX spectrum are
owing to the presence of these elements in the substrate
used.

3.3 Optical Properties

The optical transmission of the prepared films was
investigated in the wavelength region 400 to 1100 nm (Figure
3A). All the samples showed a significant increase in
transmission percentage on increasing the wavelength from
visible to near infrared region. The optical band gaps were
calculated assuming direct band gap for the material with the
help of Tauc plot shown in Figure 3B. The band gap values
are tabulated in Table 1. There is a blue shift in band gap with
increase in temperature. This observation is unexpected since
larger grain size should result in smaller band gap (Srividhya
et al. 2014). The exponential component near the optical band
edge of an absorption curve of a poor crystalline or
disordered material is known as Urbach tail. Variations from
ideal crystalline nature as well as other sample flaws, cause
this tailing effect. To validate tailing of band gap energy, an

Urbach energy calculation was done. For this, a plot with ln
() on Y axis and photonenergy in eV on X axis was drawn.
Figure 3C illustrates the results achieved. Urbach energy was
calculated for all the samples at straight line portions of the
graphs. The inverse ofthe slope of this linear part yielded
Urbach energy, EU. (Hassanien and Akl, 2016; Dhineshbabu
et al. 2016). Band tailing width was 0.38 eV for specimens
produced at 400°C and 0.39 eV for samples made at 350°C,
whereas band tailing width was 0.40 eV for samples prepared
at 300°C. A higher value of Urbach tailing indicates that
sample prepared at 300°C had poor crystalline structure or
more disorder states and local defects. This enhanced Urbach
band tailing could explain why the sample processed at 300°C
had a narrower band width.

3.4 Electrical Properties

CuO is a P-type semiconducting material. (Li et al., 2011)
The P-type conduction mechanism is explained with the help
of copper vacancy formation (Jeong & Choi, 1996) analyzing
the Hall effect in the sample as shown in Table1. From Table
1, we can assert that even though the sample processed at

Figure 2: FESEM images of sample coated with substrate temperature (a) 300oC (b) 350oC (c) 400oC (d) EDAX of sample coated at 350oC
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350°C had lowest mobility, it had the highest carrier
concentration, and showed lowest resistivity. The sample
prepared at 300°C had a remarkable decrease of carrier
concentration, by the order of 105 than sample prepared at
350°C which caused a significant increase of resistivity.

Again, though the sample processed at 300°C has greater
mobility, a lower carrier concentration as well as a lower grain
size or increased grain boundaries caused a higher resistivity.
Higher grain size as well as better carrier concentration
obtained for sample prepared at 400°C caused a less
resistivity compared to sample prepared at 300°C. It is evident
that the sample prepared at 350°C possess maximum number
of charge carriers available for conduction compared to films
coated at 300°C and 400°C. Film coated at 350°C had shown
the least resistivity of 3.94 cm. despite, the mobility of the
carriers decreased considerably for this sample. For the
sample coated at 400°C, majority charge carries change from
P type to N type. Du et al. reported the possibility of N type
conduction in CuO thin films fabricated at a substrate
temperature 500°C (Du et al., 2019). At higher substrate
temperatures the Cu atoms gets more mobility while forming
CuO and the chances of forming Cud eficiency, which causes
P type conduction, in the lattice gets reduced. They had also
suggested the possibility of desorption of oxygen form the
surface at higher substrate temperature which may lead to the
formation of oxygen vacancies. (Du et al., 2019). Thus the

Table 1: Structural, optical and electrical properties obtained for samples prepared with different substrate temperatures

Substrate Thickness Grain Band gap Carrier Mobility Resistivity Carrier
temperature [nm] size [nm] [eV] concentration[cm-3] [cm2V–1s–1] [ cm] Type

300°C 230 15 1.75 21014 25.6 1.2x103 P
350°C 189 20 2.1 3.31019 0.05 3.94 P
400°C 187 25 2.17 1.31016 2.22 222 N

Figure 3: (A) Transmission (%T) (B) Tauc plot for band gap calculation (C) Graph for band tailing energy calculation of CuO thin film
prepared at (a) 300°C (b) 350°C (c) 400°C substrate temperatures

increase in mobility when moving from 350°C to 400°C may
be that of N type charge carrier.

4.0 Conclusions

X-ray diffraction studies established the formation of
polycrystalline phases of CuO with a monoclinic lattice
structure. SEM analysis made it clear that the film had
homogeneous surface morphology with fine particles
distributed over the surface. Films coated at 350°C and 400°C
have agglomeration of particles. EDAX has demonstrated
consistent particle distribution and the presence of both Cu
and O as well as a lower percentage of impurity for films made
using this technique. UV studies showed that as the
substrate temperature changed from 300°C to 400°C there is
an increase in direct band gap from 1.75eV to 2.17eV.

The results of the Urbach energy calculation showed that
the bandgap is influenced by the Urbach tailing effect.The
sample treated at 300°C has a lower band gap due to more
disorder states and local defects. The sample processed at
350°C had the highest carrier concentration, according to the
Hall effect study. Granting the fact that the sample processed
at 300°C has greater mobility, it has a lower carrier
concentration and a lower resistivity. Films fabricated by
spray pyrolysis method for substrate temperatures 300°C and
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350°C shows ptype conductivity whereas the sample coated
at 400°C exhibited N type conductivity. Reduction in number
of copper vacancies due to high mobility of copper atoms at
high temperature led to N type conduction. Conditions to get
better N type conductivity in this material has to be
investigated.
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