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Abstract Copper oxide thin films were deposited on ordinary glass substrates using sputtering technique. The chamber
pressure was maintained at 5.0 x 10°mbars during the film deposition. The influence of deposition power on electrical and
optical properties was extensively investigated. The optical measurements were done using spectrophotometer.
Transmittance spectra data in the range 250-2500 nm was obtained and analyzed. Transmittance ranged between 55% to 70%
and reflectance of less than 40% in the wavelength range of 250-2500nm was obtained. Optical energy band gap ranged
between 1.20-2.91eV. The band gaps generally decreased with increase in power from a deposition power of 200W to 300W,
then a slight rise at 350W and 400W. The electrical resistivity decreased steadily with increase in sputtering power from 119
Q-cm to 37.83 Q-cm corresponding to powers of 100W and 400W respectively. From the band gap energy values, it was
deduced that both CuO and Cu,O films were deposited. Optical and electrical values exhibited by the films deposited at
350W and 400W deposition power, are in the required range for the application of the films as absorber layer in solar cell

application.
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1. Introduction

CuO is p-type semiconductor which in recent years has
attracted much interest due to its potential applications in
optical, electro-chromic, gas sensors, and transparent
conducting devices [1]. Copper oxide films have unique
features such as low cost, non-toxicity, abundantantly
available and relatively simple to form oxide layers [2].
Copper oxide has two common forms; cupric oxide (CuO),
with a band gap in the range 1.2-2.1 eV and cuprous oxide
(Cu,0), with a band gap in the range 2.1-2.6 eV [3]. A
number of reports have been made on CuO thin films
preparation by various techniques including conventional
magnetron sputtering [4], molecular beam-epitaxy method
[5], sol-gel technique [6], chemical vapor deposition,
spraying, thermal oxidation, electrodeposition [7], among
others. To obtain the exact monoclinic CuO crystal structure,
high power delivery to the source material during thin film
deposition can effectively reduce the dependence of
substrate heating to obtain high quality crystal film, such as
Pulsed laser deposition [8] and ion-based deposition [9].
This work reports on the preparation and characterization of
Copper oxide thin films by sputtering technique. The effect
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of varying power on the optical and electrical properties of
sputtered copper oxide films was investigated with the aim
of employing the films for solar cell devices as absorbing
layers.

2. Experimental Procedure

DC magnetron sputtering machine was used. A copper
target (99.99% pure) was sputtered in an Argon/Oxygen
ambient. First, transparent glass slides were cleaned then
mounted at the centre of the revolving substrate holder. The
copper target was then mounted on the magnetron and a
shutter covered it. The chamber was then closed and pumped
down to a pressure of 4.5x10° mbars. Power was set to
100W and then argon gas let into the chamber at a flow of 20
sccm. With the target still covered, pre-sputtering was done
for 10 minutes so as to remove any oxide layers that may be
on the target. Once pre-sputtering was complete, Oxygen
was allowed into the chamber and the shutter was then
opened for 25 minutes allowing copper atoms ejected to rise
up towards the substrate. In the process, a reaction between
copper atoms and oxygen took place hence forming copper
oxide thin films on the substrates. During sputtering, sputter
pressure was maintained at 9x10° mbars by regulating
inflow of argon gas. After the films were formed, they were
removed, the substrate holder cleaned and other films
prepared in the same way at different deposition powers of
150, 200, 250, 300,350 and 400W. Every deposition was
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preceded by pre-sputtering for 10 minutes. The deposition
parameters are summarized in table 1.

Table 1. Deposition parameters of CuO thin films

Parameter Units
Argon flow (sccm) 20 sccm
Oxygen flow (sccm) 10 sccm

4.5 x 10°° mbars
9 x 10° mbars
25 Minutes
100-400W

Base pressure (mbars)

Sputtering pressure (mbars)

Sputtering time
Power (W)

The optical transmittance and reflectance of the copper
oxide films were measured in the wavelength range
250-2500nm using a Solid Spec 3700 spectrophotometer.
The measured transmittance and reflectance data was
simulated to obtain optical parameters. The electrical
characterization was done by employing the four point probe
set up.

3. Results and Discussions

3.1. Optical Characterization of CuO Thin Films

Figurel shows spectra transmittance of copper oxide films
deposited at various deposition powers. A pronounced
increase in transmittance is observed for films deposited
using deposition powers 350W and 400W. At low
wavelengths transmittance is low since energy of photons is
high hence being absorbed.

Figure 2 shows Spectral plot of reflectance (%) versus

100

wavelength (nm) of CuO thin films. Reflectance of less than
40% in the wavelength range of 250-2500nm was observed
in all deposited films. This low reflectance value makes CuO
thin film an important material for antireflection coating for
solar cell fabrication. The experimental and simulated data
for transmittance were plotted against wavelength for
different deposition powers. Figure 3(a) and 3(b) are the
fitted experimental and simulated data for thin films
deposited at 350W and 400W DC power respectively.
Similar fitting was done for films deposited at other dc power.
The optical properties were then extracted from the SCOUT
software simulation.

The Band gap was further analyzed by plotting (hv)
against (ahv)® and extrapolating the linear part.

Figure 4 shows an extrapolation of the linear part of (chv)?
against energy (eV) for CuO film deposited at 350W.
Extrapolating the linear part of the curve to the energy axis
[(ehv)*> = 0] gives the energy gap E, The process of
obtaining the band gap was also carried out during the
simulation process with the SCOUT software and the band
gaps obtained were close to those obtained by graphical
method. The band gaps obtained were 1.25eV for films
deposited at 350W and 2.04eV for 400W deposition power
graphically. Band gaps obtained by simulation were 1.25eV
and 2.06eV for films deposited at 350W and 400W
respectively. Band gaps prepared at power 100-300W were
obtained in the same way. Band gap values obtained are
within the range reported by [10], [1.20-2.10eV] for CuO
films and by [11], [2.10 eV - 2.61 eV] for Cu,O thin films.
These values of the band gap show that the obtained CuO
thin films are good absorbers.
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Figure 1. Spectral plot of transmittance (%) against wavelength (nm) of CuO films deposited using different deposition powers
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Figure 2. Spectral plot of reflectance (%) against wavelength (nm) of CuO thin films deposited using different deposition powers
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Figure 3. Transmission simulated curves for CuO thin films deposited at (a) 350W and, (b) 400W
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Figure 4. A plot of (ahv)? against energy(eV) for CuO, deposited at 350W

The absorbance values for all the deposited films were
calculated from transmittance and reflectance data using the
expression:

T+R+A=1 1)

Sothat A=1-[T+R].

Figure 5, shows the optical absorption of the CuO thin
films deposited at 350 and 400 watts. It is observed that the
deposited thin films exhibit high absorbance of above 80% in
the UV region of the electromagnetic spectrum which
decreased below 30% towards the NIR region. This is
because at low wavelengths transmittance is low since
energy of photons is high hence being absorbed. As spectral
wavelength increases, photon energy decreases thus low
absorption. The films show relatively low absorbance in the
NIR regions of the spectrum (less than 30%). A strong
absorption was observed at lower wavelengths hence the
films have potential application in fabrication of solar cell.

Refractive index (n) was also obtained using the equations
proposed by [12].

1
. [HRi] 2
1-R2
and one that relate optical refractive index (n) and energy

band gap (E,).
n = 4.08 — 0.62E, (3)

Figure 6 shows the spectral plot of refractive index of CuO
films deposited at 350W and 400W power. It is observed that
refractive index decreases with an increase in wavelength.
The large range exhibited at higher wavelength can be
explained by equation 3. From the figure, film samples had a
peak refractive index above 1. This reveals that CuO thin
films deposited at 350W and 400W have high refractive
index. This makes CuO films deposited at 350W and 400W
more suitable for use as anti-reflection coating for solar cells.

The n value was lower in the films deposited at lower dc
power because when the sputtering power is low, the kinetic
energy of the sputtered atoms (Cu atoms) arriving to the
substrate surface is reduced resulting in less dense films and
thus a lower refractive index.

3.2. Electrical Characterization of CuO Thin Films

The effect of power on electrical resistivity of the CuO
thin films is shown in figure 7. Electrical resistivity of CuO
films was measured in the deposition power range
100-400W. The electrical resistivity is found to decrease
steadily to a value of 37.83 for the film prepared at 400W and
was in the range 37-119Q-cm. This decrease in resistivity
can be attributed to the dense microstructure at high
deposition power which enhances the rapid growth of
relatively thick films [13]. The results of the electrical
resistivity measurements by [4, 14] followed a similar trend
to this present measurement of sheet resistance on copper
oxide films and were in the range 10-100 Q-cm. Low
resistivity for films deposited at 350W and 400W make these
films suitable for solar cell application.

Table 2. Electrical resistivity (p), and conductivity, () of CuO films

Power (watt) Res[izi\é:% ® Con[dguilr;]q ©)
100 119.24 0.0084
150 117.74 0.0085
200 110.61 0.0090
300 84.61 0.0118
350 59.23 0.0169
400 37.83 0.0264
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Figure 5. A plot of absorbance (%) against wavelength (nm) for films deposited at 350W and 400W
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Figure 6. A plot of absorbance (%) against wavelength (nm) for films deposited at 350W and 400W

140

- T~

~3

100+
80 1

60

Resisttivity, p (Q-cm)

20 T T T T T T T T T T T |
100 150 200 250 300 350 400

Forward Power (Watt)

Figure 7. Electrical resistivity (p) against power of CuO films
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4. Conclusions

CuO films were successfully deposited on glass substrate
by DC magnetron sputtering at room temperature. The

influence of deposition power on CuO thin films was studied.

Electrical and optical properties of the deposited thin films
have been found to be significantly dependent on power
during deposition. The transmittance increased with
increase of deposition power of the films. The values of
band gap energy in the range 1.20-2.91eV exhibited by the
films are in the required range for the application of the films
as absorber layer in solar cell fabrication. Refractive index
decreased with an increase in deposition power. Resistivity
of the films decreased with the increase in deposition power
and was in the range of 37-119 Q-cm.
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