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The present work reports the impact of RF sputtering power on CdO:ZnO (3:1)
nanocomposite thin films deposited by sputtering. The structural, morpho-
logical, optical and electrical properties of CdO:ZnO thin films deposited at
40 W, 60 W, 80 W and 100 W RF sputtering power were investigated. The
structural and morphological results show that high sputtering power im-
proves the crystallinity of thin films. The thin film deposited at 80 W has (111)
and (002) phases corresponding to mixed cubic and wurtzite crystal structure,
whereas surface morphology of 100 W thin film shows that particles are
densely agglomerate. The energy-dispersive x-ray spectrum shows the pres-
ence of Cd and Zn atoms in the CdO:ZnO nanocomposite samples. The films
show 75–85% transparency in the visible region and a large variation in
optical bandgaps from 2.6 eV to 3.5 eV was observed for the samples deposited
at 40–100 W with lowest value for the 80 W thin film. I–V characteristics of all
the CdO:ZnO thin films show an ohmic nature and resistance varies from
104 X to 109 X, suitable for resistive based gas sensor. The optimized thin film
of CdO:ZnO deposited at 80 W was used for oxygen gas sensing applications
25–200�C operating temperatures and 25.4% sensor response was observed.
The response and recovery times were found 10–20 s. Overall study reflects
appreciable impact of RF sputtering power on different parameters under
investigation.
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INTRODUCTION

Nanocomposite materials open a door to develop-
ing more stable, efficient and cheaper nanoelec-
tronic devices.1–4 Metal oxide semiconductors have
been continuously studied for various applications
such as solar cells, IR detectors, photo-transistors,
batteries, electrodes, gas sensors, humidity sensors
and optoelectronic devices, and the research contin-
ues to improve favourable properties that are cost
effective.5–8 Metal oxide compound semiconductors
such as ZnO, SnO2, TiO2, and CdO, ZrO2 are being

used due to their various promising properties viz,
good transparency in the visible region, high elec-
trical conductivity, stability and favourable
microstructures.9–12 Nanocomposite materials of a
similar class offer better control to optimize desir-
able properties.

Zinc oxide (ZnO) has been studied for several
applications and has become a favorite metal oxide,
with optical band gap 3.2 eV and wurtzite crystal
phase.13,14 Cadmium oxide (CdO), another II–VI
semiconductor similar to ZnO, was incorporated as
a partner of ZnO for nanocomposites. The electrical
conductivity of CdO is higher as compared to ZnO
while its optical band gap is lower at 2.2 eV with a
cubic phase15,16 as compared to ZnO. The nanocom-
posites of ZnO:CdO have shown high electrical
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conductivity, better transparent thin films and
mixed crystal phase, which is suitable to defect
structure and high volume to surface ratio mor-
phology17,18 desired for gas sensing application.

An electronic nose is a requirement for the
detection of several toxic and non-toxic gases for
human beings and, therefore, various toxic gas
sensors have been developed by several research
groups.19–25 However, sensors for non-toxic gases
such as oxygen and nitrogen have few reports
available and need further attention. Oxygen gas
sensors have great importance in different applica-
tions such as automotive engines, industrial heat-
ing, purification, presence of oxygen in the
environment, and also in various medical applica-
tions. Coban et al.26 prepared a ZnO-based oxygen
gas sensor by electrochemical deposition and tried
to reduce the operating temperature. Peng et al.27

have reported ZnO nanobelt-based oxygen gas sen-
sors with Co dopant at low operating temperature,
and similarly other researchers have also shown the
importance of oxygen gas sensors.28–30 The effects of
different dopants in ZnO and CdO27–29 synthesized
by chemical method were also studied by several
researchers.

Sputtering is a physical technique, which has a
great significance in thin film technology for con-
ducting and non-conducting materials that are
thinner, have large area, are multi-layered and
uniformly controlled thin films. The parameters
such as distance between magnetron and target,
argon and oxygen gas partial pressure, nature of

substrates, substrate temperature, and sputtering
time have affected growth and the properties of thin
films. Sputtering power and argon-oxygen partial
pressure have more influence on thin film properties
such as structural, optical and morphological.
Although there are several reports on effect of
argon gas and oxygen gas partial pressure,31–33 the
effect of sputtering power has not been widely
studied. The effect of sputtering power on thin films
of CdO was studied by Dhivya et al.34 who observed
that the thickness increased with sputtering power
due to an increase in their growth rate and energy
of the sputtered atoms.

In the present work, a composite approach of
physical and chemical methods was employed to
deposit CdO:ZnO (3:1) thin films by RF sputtering,
and the effect of RF sputtering power on crystal
structure, surface morphology, optical and electrical
properties have been investigated. The optimized
CdO:ZnO thin film was employed for the oxygen gas
sensing and good sensing response with fast reac-
tive time for the oxygen gas has been observed.

THIN FILM PREPARATION

In the present work CdO:ZnO thin films were
prepared by RF sputtering and the schematic
diagram for the synthesis process is shown in
Fig. 1. The sputtering target was prepared in our
laboratory; firstly, the CdO:ZnO nanoparticles of 3:1
volume ratio were synthesized by sol–gel precipita-
tion and annealed at 550�C. The target was com-
pressed in pallet form and sintered at 450�C for 12 h

Fig. 1. The schematic diagram for complete synthesis process for preparation of CdO:ZnO thin films.
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and then placed on target holder in sputtering
chamber. Thereafter, the CdO:ZnO (3:1) thin films
were deposited on the soda lime glass substrates by
RF magnetron sputtering. The sputtering chamber
was evacuated to a base pressure of
6.66 9 10�7 kPa using rotary pump and a diffusion
pump; the distance between target and substrate
was fixed at 5 cm. High-purity Ar gas was intro-
duced as a sputtering gas into the chamber and
monitored by mass flow controllers with fixed 80
SCCM (standard cubic centimeters per minute). The
ultrasonically cleaned glass substrates were used
for coating in sputtering chamber. When the pres-
sure of the chamber reached � 6.6 9 10�3 kPa, RF
sputtering was started and held to the fixed power

for 40 min of sputtering. The four different thin film
samples were prepared at 40 W, 60 W, 80 W and
100 W. The initial substrate temperature was 25�C
and it increased up to 100�C during deposition due
to the sputtering. The thin films so obtained were
characterized and used for gas sensing application
without further annealing. The experimental tech-
niques and gas sensing measurement setup were
similar, which were reported in our previous
work.15

STRUCTURAL ANALYSIS

XRD patterns of CdO:ZnO thin films deposited at
different powers in the 2h range 25�–75� with step
size 0.02� are shown in Fig. 2. It is clearly seen that
good crystalline structure of nanocomposites are in
the middle range of RF sputtering power. The XRD
patterns for the lowest sputtering power of 40 W
show amorphous structure, and crystallinity
improved for higher sputtering power. The XRD
pattern for 80 W shows peaks at different angles
and confirms the crystalline nature of CdO:ZnO
thin film. The intense peaks were observed at
30.55�, 33.44� and 38.78� corresponding to (100),
(111) and (200), respectively.35,36 Phase (100) was
observed due to ZnO wurtzite structure, whereas
(111) and (200) phases show cubic structure of CdO
crystals. The small shifting in peak positions indi-
cate the stress in thin films, which may be due to the
interaction of Cd and Zn ions. The shifting of peaks
also indicates that Zn ions were not replaced by Cd
in the crystal lattice. The crystallinity further
decreases for 100 W RF sputtering power and
justifies that 80 W power is most suitable for good
crystalline thin film.

Fig. 2. X-ray diffraction patterns of CdO:ZnO nanocomposite thin
films deposited at different RF sputtering power: 40 W, 60 W, 80 W
and 100 W.

Fig. 3. Scanning electron microscopic images of CdO:ZnO thin films deposited at different sputtering powers 40 W, 60 W, 80 W and 100 W.
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SURFACE ANALYSIS

The surface morphology of CdO:ZnO thin films
was studied by scanning electron micrographs
shown in Fig. 3 with a uniform scale 10 lm. The
surface morphologies of the films change with

different sputtering power and clearly show that
the density of atoms increases at high sputtering
power. CdO:ZnO thin film deposited at 40 W has a
flat surface on which very small dot-like particles
are seen, while the thin film deposited at 60 W also
has a similar appearance, but is denser as com-
pared to 40 W. The surface morphologies of thin
films deposited at 80 W and 100 W clearly show the
particles in different shapes and are much denser
than the other two samples. However, the crystals
of 80 W thin film are regular as compared to 100 W
thin film. Similar results were also reported by
Hsieh et al.37 in their work for Al doped ZnO thin
films at different sputtering powers. Ahn et al.38

have reported that the higher power leads to
plasma density and increases the flux of target
material to the substrate and transfers more
energy to the target particles to strike on the
substrate. Therefore, higher power is suitable for
growing good crystal, while on further increasing
the sputtering power the morphology is rugged due
to the excessive energy of sputter species. These
species have a short time to diffuse within the
growing film. The results revealed that the film
deposited at 80 W shows regular morphology with
dense albumen.

The elemental distribution on the surface was
studied by energy-dispersive x-ray (EDX) spectrum

Fig. 4. Energy dispersive x-rays spectrum of the CdO:ZnO (3:1) thin
film deposited at 100 W, and the SEM image of the sample of
spectrum region shown in inset.

Fig. 5. The optical characterization of CdO:ZnO nanocomposites deposited at different sputtering power: 40 W, 60 W, 80 W and 100 W. (a)
transmittance, (b) absorbance and (c) Tauc’s plot for optical band gaps.
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as shown in Fig. 4 and confirms the presence of zinc
and cadmium atoms in the samples.

OPTICAL ANALYSIS

The optical properties of CdO:ZnO sputtered thin
films were analyzed by transmittance and absor-
bance spectra in the wavelength range 200–800 nm
as shown in Fig. 5. The transmittance of all thin
films were found to be 70–85% in the visible region
before the band edge and continuously decreases
until the band edge becomes constant (zero) for 320–
200 nm. The transmittance of 80 W and 40 W thin
films show lowest and highest, respectively. The

intermediate transmittance 82% was for film depos-
ited at 60 W and 78% was for 100 W. The band
edges show red shifting with increasing sputtering
power for 80 W and were violet-shifted for 100 W.
The absorbance spectrum was also recorded for
better understanding the band edge position as
shown in Fig. 5b. The absorbance of all the thin
films were almost zero in visible region and rise in
the wavelength 450–200 nm and was maximum at
310 nm. Similar transmittance results were
observed by Saha et al.39 for CdO thin film and
reported 70% transmittance in visible region. The
optical bandgaps of CdO:ZnO thin films were

Fig. 6. The I–V characteristics of CdO:ZnO thin films deposited at (a) 40 W, (b) 60 W, (c) 80 W, (d) 100 W and (e) variation in resistance.
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calculated by Tauc’s plot method using transmit-
tance spectra. The band gaps were found 2.6 eV,
2.9 eV, 3.2 eV and 3.5 eV for 80 W, 100 W, 60 W
and 40 W thin films, respectively, as shown in
Fig. 5c. Optical analysis has clearly indicated that
optical properties of thin films strongly depend on
RF sputtering power.

ELECTRICAL ANALYSIS

The DC electrical properties of all CdO:ZnO thin
films of different powers were studied by I–V
characteristic at room temperature as shown in
Fig. 6a–e. The I–V characteristics were recorded by
two probe method with silver electrode. All films
show ohmic conduction in voltage range � 5 V to
+ 5 V. The electrical resistance of thin films were
found to be 1.02 9 109 X, 6.32 9 106 X,
1.69 9 104 X and 6.15 9 104 X for thin films depos-
ited at 40 W, 60 W, 80 W and 100 W, respectively,
and the variation of resistance is shown in Fig. 6e.
These results show that the thin film at 80 W RF
sputtering power is suitable with highest electrical
conductivity due to lowest electrical resistance,
while the thin film deposited at 40 W shows lowest
electrical conductivity. The electrical conductivity is
related to the crystal grain size and optical band
gap. The crystal grain of CdO:ZnO thin films
deposited at 80 W were regular in size and the
optical band gap was minimum, which may be the
reason for better electrical conductivity.

OXYGEN SENSING ANALYSIS

The oxygen sensing properties of all the thin films
were recorded by change in electrical resistance in
gas environment with respect to base resistance in
air. The resistances of thin films were recorded by
two probe silver electrodes on top surface of thin
films. The sensor response was recorded as a
function of operating temperature because the
metal oxide-based sensors are strong functions of
operating temperatures. The thin films show high

sensing response for oxygen gas, and sensor
responses were recorded at fixed gas concentration
450 sccm. CdO:ZnO thin films deposited at 40 W
and 60 W have not shown any change in resistance
in vacuum to oxygen gas environment while the
films deposited at 80 W and 100 W show response in
presence of target gas. The sensor response curve
for 80 W thin film at operating temperature 100�C
and change in current in the presence of oxygen gas
as compared to vacuum at a fixed voltage level of
0.5 V is shown in Fig. 7. The base resistance was
recorded in air at corresponding operating temper-
ature and had minimum resistance in the presence
of oxygen gas. The sensor responses were calcu-
lated15 and the maximum sensor response for
CdO:ZnO thin film deposited at 80 W was 25.4%
at 200�C. Thin film deposited at 80 W show 2–10%
sensor responses at other temperatures. Sensor
response of 100 W thin film varies form 5–31%
and maximum at 200�C. The response time was
increased with operating temperature and was
found to be 20–30 s, while the recovery times were
a little delayed 40-50 s. This sensing response has
been explained by the oxygen ion sorption mecha-
nism on the thin film surface. As thin films
deposited at 80 W and 100 W have good morphology
as compared to the other two, these two films have
good sensing response.

CONCLUSION

The composite approach of physical and chemical
methods to synthesize nanomaterial was found
suitable for application in oxygen sensing. CdO:ZnO
thin films were successfully prepared by RF sput-
tering at different RF sputtering powers. The 80 W
RF sputtering power was found suitable to the
growth of CdO:ZnO thin films. The surface mor-
phologies of thin films for 80 W and 100 W were
dense as compared to other films, and therefore,
found suitable for gas sensor response. The optical
transmittance for lower sputtering powers was
higher as compared to higher powers. The highest
conductivity of CdO:ZnO thin film was found for
80 W; therefore, oxygen gas sensing properties were
observed for CdO:ZnO thin films deposited at 80 W
as compared to other thin films. Overall, the study
clearly shows that there is an impact of sputtering
power on the properties of CdO:ZnO nanocompos-
ites and 80 W sputtering power is the most suit-
able for depositing CdO:ZnO thin films for oxygen
gas sensing.
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