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ABSTRACT

Copper Oxide (CuO) thin films were deposited on conductive glass substrates using DC
reactive sputtering in a mixture of Argon and Oxygen gases. The sputtering pressure and the
substrate temperature were increased from 6 to 8.5 mbar and from 70 to 192 °C, respectively.
All the synthesized films contain single phase of CuO in this range of pressure and substrate
temperature. According to Scherrer formula, the crystallite sizes vary from 9.03 to 22.47 nm as
sputtering pressure is varied from 8.5 to 6 mbar. The crystallites favoring perpendicular
orientations dominate at higher deposition pressures due to higher deposition rates. Due to
smaller crystallite sizes, the film deposited at 192 °C under 8.5 mbar pressure provides a gas
sensitivity as high as 19.26 after keepingl0 minutes in CO, gas at room temperature. The
sample fabricated at 192 °C and 9 mbar indicates a sharp drop of CO, gas sensitivity from 3.67
to 0.84 at operating temperature 75 °C. All theses samples are not sensitive to N, gas according
to cross-sensitivity measured in N, gas.

1. INTRODUCTION

Thin films of CuO find some potential applications in solar energy converting devices,
electro-chromic devices, transparent conducting devices, gas sensors [1-4] and
superconducting devices [5]. Annealing effects on the properties of Copper oxide thin
films prepared by chemical deposition have been studied [6]. Thin films of CuO have been

previously synthesized using molecular-beam-epitaxy method [7], sol-gel technique [8].
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According to some early reports, it is difficult to crystallize the single phase of CuO [4].
The deposition methods in high vacuum such as sputtering provide films with high purity.
Earlier we have deposited thin films of zinc oxide and copper oxide for photo-voltaic
applications [9,10]. The properties of sputtered copper oxide films mainly depend on the
deposition temperature and the sputtering pressure. According to some of our early studies,
the films of magnetic materials could be crystallized only above some minimum

crystallization temperature [11,12].

Because the existence of too much CO, gas is harmful to humans, the gas sensitivity was
investigated in CO, gas. Also most of the oxide materials including CuO are chemically
stable against environmental corrosion. Previously, the variation of CO, gas sensitivity
with temperature has been investigated by us for CuO thin films. In this report, the
variation of film properties with sputtering conditions and the variation of gas sensitivity
with time will be explained as well. The orientation of different types of CuO particles in
thin film changes with sputtering pressure. Investigation of the relationship between gas
sensitivity and the particle size of CuO thin films was the main purpose of this project.
Especially in miniaturized equipment used in spacecrafts and other compact devices, thin
films of materials are useful to determine the existence of some gases.

2. EXPERIMENT

Films were synthesized in a vacuum chamber with a base pressure of 4.2 mbar by means of
the Edwards S150B sputter coater. All the CuO films were deposited on the conductive
surface of cleaned ITO conductive glass substrates with area 2 cmx2 cm for 6 hours using
a circular copper target with diameter 6 cm. The separation between the target and the
substrate was approximately 1.5 cm. Argon and oxygen gases served as sputtering and
reactive gases, respectively in this reactive sputtering process. The argon gas was
introduced into the chamber through a flow controller with fine adjustments. The oxygen
content in the residual amount of air in the chamber was enough to crystallize the oxide
phase in thin films. The total pressure of Ar/O, mixture was increased from 6 to 8.5 mbar
by raising the rate of Argon flow entering into the chamber in this dynamic sputtering
process. A heater coil attached to an external power supply was used to heat the substrate,
and substrate temperature varied from 70 °C to 192 °C, was measured by means of a

thermocouple coupled to a digital thermometer. The substrate temperature and the
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sputtering pressure could not be raised above 150 °C and 8 mbar, respectively, due to the
over heating of the vacuum chamber. The DC current and DC voltage of the sputtering
power supply varied from 5 to 35 mA and 0.4 to 1.9 kV, respectively depending on the

deposition pressure.

The structure of the synthesized films was determined using X-ray diffraction patterns
(XRD). The resistance of CuO films located in a glass tube was measured in a continuous
CO; gas flow, in pure N2 and in air with temperature and time. The bulk resistance of the
sample was measured using high mega ohm Leader LCR745 meter. Because the same
sample clipped at same points was measured in all three gases, the length and the cross
sectional are of the sample remained unchanged. Therefore, the ratio between two
resistances directly gives the ratio between two resistivities. The temperature was varied
from 30 to 200 °C using a heater coil, and the corresponding temperature was measured
using a digital thermocouple attached to the sample. The bulk resistivity of conductive
glass is 0.13 ohm m.

3. RESULTS AND DISCUSSION

The XRD pattern of CuO film deposited at 192°C and 8.5 mbar total pressure is given in
Fig. 1. The film indicates a strong in-plane (020) orientation. All the XRD peaks in these
patterns belong to the powder diffraction pattern of CuO implying that the single phase of
CuO can be crystallized in the substrate temperature range of 151-192 °C and pressure
range 6-8.5 mbar. The XRD pattern of conductive side of substrate was measured, and
conductive glass substrate did not contribute to the XRD pattern in this range of 26.
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Fig 1. XRD pattern of film deposited at 192°C and 8.5 mbar
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The crystallite sizes were estimated using Scherrer formula for the two peaks at §=17.8°
and 19.35° in XRD patterns. The graph of crystallite sizes estimated for peaks at 6=17.8°
(solid line) and 6=19.35° (dotted line) versus total sputtering pressure for the films
deposited at 192 °C for 6 hours is shown in Fig. 2. According to this graph, the volume of
crystalline favoring the in-plane orientation gradually decreases with the sputtering
pressure. The c/a ratio of CuO cell (where a and c are the lattice constants of CuO unit
cell) is greater than one, and therefore the perpendicular and in-plane orientations can be
textured at higher and smaller deposition rates, respectively[13]. The Argon pressure inside
the sputter coater is given by the difference between the total pressure and the base
pressure. Raising the Argon pressure increases the deposition rate, and higher deposition
rates favor the growth of perpendicularly oriented grains. Because C-axis of CuO cell is
longer than the length of other two axes, the long axis (C-axis) orients in a direction

perpendicular to the film plane.

23

D (nm)

18

13

8 T T T T T T T T T
b 55 6 65 7 75 8 85 9 95 10
Pressure (mbar)

Fig. 2. Plot of crystallite sizes estimated for peaks at 6=17.8° (solid line) and 6=19.35° (dotted line) versus
total sputtering pressure

The gas sensitivity (S=pyas/pair)) 1S defined as the ratio of resistivity measured at particular
gas (pgas) to that of air (oair) [1-3]. Graphs between the sensitivity measured at CO, gas and
time for CuO films sputtered at 192 °C under 9 (thick solid line), 7.5 (thin solid line) and 6
mbar (dashed line) pressures are shown in Fig. 3. In this case, the sensitivity was measured
at room temperature in order to investigate the variation with time. According to this graph
the sensitivity gradually increases with time. It saturates within the first ten minutes for
sample deposited at 9 mbar. This implies that the sensitivity increases with the amount of

absorbed gas. The sensitivity at room temperature versus time measured at CO, (solid line)
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and N, (dashed line) gases for CuO films sputtered at 192 °C under 8.5 mbar pressure is
given in Fig. 4. This sample indicated the highest sensitivity after being kept in CO, gas for
10 minutes. According to Fig. 2, the crystallite size estimated using the (202) peak
indicates a minimum for the sample deposited at 192 °C 8.5 mbar. Because smaller particle
sizes always provide larger surface areas, the maximum gas sensitivity can be observed for
samples with smallest crystallite sizes. The gas sensitivity measured in N, gas for the
samples given in Fig. 3 also did not vary with time similar to that of sample described in

Fig. 4. Therefore the cross sensitivity of those samples were not given in Fig. 3.
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Fig. 3. Sensitivity at room temperature versus time for CuO films sputtered at 192 °C under 9 (thick solid
line), 7.5 (thin solid line) and 6 mbar (dashed line) pressures
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Fig. 4. Sensitivity at room temperature in CO, (solid line) and N, gases (dashed line) versus time for CuO
films sputtered at 192 °C under 8.5 mbar pressure

The Fig. 5 indicates the sensitivity measured at CO; (solid line) and N (dashed line) gases
versus temperature for the CuO film fabricated at 192 °C and 9 mbar. The sensitivity in
CO, was measured with temperature after the sensitivity reached the saturated value at
room temperature. The sensitivity in CO suddenly drops to a lowest value at 75 °C. The
smaller the resistivity is the lager the conductivity. Therefore, this sample can be used as a
gas sensor at the operating temperature of 75 °C. Although the sample grown at 192 °C

under 8.5 mbar shows highest sensitivity at room temperature within 10 minutes, the
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sensitivity of this sample can not be measured with temperature due to the limitation of our
instruments. Altering the underlying charge carriers in the Copper oxide film or the
electrical conduction between individual crystal grains in the film due to surface adsorption
may be a possible reason for this high gas sensitivity.
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Fig. 5. Graph of sensitivity measured in CO, (solid line) and N, (dashed line) gases versus temperature for
the CuO film fabricated at 192 °C and 9 mbar.

4. CONCLUSIONS

CuO sample synthesized at 192 °C under 8.5 mbar pressure indicates the highest gas
sensitivity at room temperature after 10 minutes. This implies that the smaller particle sizes
always provide higher CO, gas sensitivity due to their larger surface areas. According to
the crystallite sizes estimated using Scherrer formula, these CuO films favor perpendicular
orientation at higher sputtering pressures. The long C-axis of CuO crystal cell and the
higher deposition rate are responsible for this perpendicular orientation. After the gas
sensitivity reached its saturated value at room temperature, the CO, gas sensitivity was
measured with temperature. The CO, gas sensitivity of the CuO film fabricated at 192 °C
and 9 mbar indicates a sudden change at operating temperature of 75 °C. The gas
sensitivity of the samples was measured in N, gas to study the cross-sensitivity, and the
sensitivity in N, gas indicates a slight variation with time and temperature. CO, gas
sensitivity of samples sputtered at 9, 8.5, 7.5 and 6 mbar pressures reaches 3.49, 19.26,
1.55 and 1.56, respectively after 10 minutes.
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