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Abstract

Copper oxide (Cu,O, CuQ) has been formed by dc reactive magnetron sputtering
method of glass substrates, whereas pure target of the solid copper was sputtered with a
mixture of plasma for argon gas and oxygen gas which are used form these films. Under
vacuum chamber pressure on 1.2x10 Pa, Ar was varying from 5 to 15 sccm while other
deposition parameters were fixed. X-ray photoelectron spectroscopy, XRD diffractions
system, Atomic Force Microscopy (AFM), hall effect measurement system, and UV-VIS
spectrophotometer were used to calculate the characteristic of the deposited thin films.
Thin film at 5 sccm has investigated n-type of CuO thin film with direct band gap of
1.8eV and p-type of Cu,O at 15 sccm with direct band gap of 2.7eV. The influence of
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changing the Ar on the electrical and the optical properties was investigated in this study,

furthermore in this study approved that the reactive dc magnetron sputtering method is

suitable to prepare two type of semiconductors by change only one condition.

Keywords: Sputtering magnetron, Thin Films, Cu,0, Cu,CuO and Photo-function.

Introduction

Copper oxide-based materials have been
considered is one of the distinctive and
attractive semiconductor that leading it to
apply in many technological fields ™.
benefit of high

optical absorption coefficient combined

Among these materials,

with no toxicity and low cost abundance
21 Cu,O films have employed in varied
field of uses like oxygen and humidity
detection ), electro chromic devices and
absorber sheet in hetero junction thin film
solar cells ™. Cu,O has direct optical
band gap energy of 2.0eV to 2.6eV,
high

transparency, and absorption usually at

slightly yellowish appearance,

wavelengths below 600nm B! Cu,0 is
considered as a semiconductor which has
a varying electrical and optical behavior
because of the stoichiometric deviation
arising from its fabrication methods ™ 2.
Different thin film deposition techniques

5. 6

such as thermal evaporation * >

activated  reactive  evaporation [

molecular beam epitaxial !, electro

deposition !, solution growth ™%, sol-gel

[11]

process ,  reactive RF magnetron

sputtering and reactive DC magnetron
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sputtering (12 3

were employed for
preparing Cu,0O thin films. Among these
methods, dc  reactive = magnetron
sputtering method has chosen to prepare
Cuy0 thin films, which considered one of
the Dbest techniques to form a
semiconductor thin film because of the
advantage of proper control on the
chemical composition, high deposition
rates, low substrate heating during the
deposition, providing uniform thickness
on large substrates area and easier to
control over the composition of the
electrical and optical characteristic of the
deposited films ™. In this method, the
physical properties of the fabricated films
highly depend on the sputtering
parameters such as oxygen flow rate,
argon flow rate, substrate temperature and
sputtering power ™. In this study, Cu,0
thin films with various argon flow rat
were prepared by reactive magnetron
sputtering, the relation between the

changing of the Ar and the characteristic

of copper oxide thin films were
demonstrated.
2. Experimental method and

measurements
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2.1 Experimental method.

In this paper Cu,O thin film organized by
a vacuum chamber (PVD) dc reactive
magnetron sputtering unit. The thin films
have been sputtered on a substrate of corn
(#1737)

stainless steel (304ss). The deposition

glass and mirror finishing
chamber is evacuated by turbo molecular
pump and rotary pump combination to
obtain for a base pressure of 1.2 x 10 Pa.
Under this pressure, a pure solid copper
target, oxygen gas and argon gas are
employed to form the main plasma. To
remove oxide layers from the surface of

the target, each thin film is sputtered in

pure argon atmosphere for 10 min. Table.1

shows that the deposited rates of the
deposition, Cu,O, CuO thin films are
formed at a various Ar from 5 to 15 sccm
while the other deposition parameters such
as oxygen flow rate, argon flow rate,
substrate temperature, sputtering power
and sputtering pressure have remained

constant.

Table 1. The depositions parameters of prepared copper oxide thin

films.
Deposition parameter Copper
(99.99% pure)
Sputtering power (W) 30
Film thickness (nm) 200
Oxygen flow rate (sccm) 10
Argon flow rate (sccm) 5-15
Substrate temperature (°C) 300
Base pressure (Pa) 1.2 107
Deposition rate(nm/sec) 0.044
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2.2 Measurement methods

Composition of the films has decided
by X-ray photoelectron spectroscopy
(XPS: Shimadzu Co., Ltd.) with Mg
Ko (1253.4eV) radiation. The XRD
diffractions (XRD: MAC science. Co.,
Ltd) with Cu Ka (0.154 nm) radiation
at an incident angle of 0.3 degree is
used to decide a crystal structure form
of the thin The
morphology for films is observed by
Microscopy (AFM)
device. The thickness measurement of

films. surface

Atomic Force

the films is carried out with a Dektak
profilometer and checked for accuracy
by AFM step-height analysis using a
Digital 1)
atomic force microscopes. Electrical

instrument (Nanoscope
properties such as the resistivity,
mobility and carrier concentration are
measured by employing Hall Effect
measurement system. The optical
energy band gaps between the films
have been determined by an UV-VIS
spectrophotometer at wavelength range

of 300~900.
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3. Film characterization

3.1 Films structure

Fig.1 shows x-ray diffraction patterns
results of the deposited films at various
argon gas flow rate, low rate of argon
gas at 5 sccm showed single-phase
CuO thin film that has strong pecks at
20 = 3544° 38.73 ° and 48.76 °,
corresponding to (111), (111) and
(202) orientation of CuO, respectively.
While, the thin films at 10 sccm shows
Cu,O with composite orientation of
Cu,0/CuO, by increasing the gas flow
rate the peaks value of CuO have
decreased, and also new peaks that
related to Cu,O orientation of (11 0),
(111), (200), (311) and (222) at
26=29.55°, 36.41°, 42.29°, 73.52° and
76.64° have investigated. Thin film at
15 sccm shows pure single phase Cu,O
with strong peak of the
orientation (111) at 26=36.41°. These

main

results attributed to the argon gas flow
rate that have been changed during the
sputtering. Whereas, increasing of
argon gas lead to increase the bombed
Cu atomic from the target to the
vacuum chamber, therefore increasing
in the argon gas flow rate lead to
change the crystal structure form CuO
to Cu,O. The proportion of the ions of
oxygen to copper atoms and atomic
oxygen to atoms

copper were
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determined the stability of phase which
regime for Cu,0 and CuOl® . The

formation of these films is based on the

reaction,
Cu,0+0 —> 2Cu0 (1)
(111) 'U:O
(220)Cu,O
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Fig.1 XRD patterns of copper oxid

thin film under various Ar.

3.2 Films composition

X-ray photoelectron spectroscopy XPS
(Cu2ps) have been used to determine
binding energies of Cu,0,CuO as
Fig.2.
demonstrated the binding energies of
530.5eV relating to Cu,O at Ar of
15sccm and 529.6eV relating to CuO at

shown at Fig.2 obviously

5sccm. The peak have been shown at
10sccm related to the composite film
Cu0/CuO. These results boosted the
result

of XRD.
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Fig.2 Binging of Energy for Cu2ps;

at various Ar

3.3

measurement

Surface morphology
Fig.3 shows the surface morphology of
the deposited Cu,O, CuO
Cuz0/CuO thin films by various Ar.

and

Thin film of 5sccm demonstrated high
roughness of Ra=12.8 nm with black
external appearance and large numbers
of spherical shaped for CuO and nano-
particles with clear grain boundaries,
due to atoms of O" in the films. At
10sccm the atoms of O" decreased
sufficiently to lead up the roughness to
Ra=8.4 The

characteristics of surface morphology

decrease into nm.

for Cu,0O have investigated at 15sccm,

111
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whereas the films showed small
numbers of spherical shaped granular
and low roughness of Ra=4.3 nm. 1%
also have indicated to the similar

results.

34 Semiconductor properties
measurement

The semiconductor properties of Cu,0,
Cu,0O/CuO and CuO thin films under

various Ar have been showed at Fig.4.

Films at Ar 5 sccm investigated
resistivity of 1.09E+3 Qcm and carrier
-3.49E+15  cm?
attributed to a single phase of n-type

concentration

CuO. A 5 sccm have considered

turning point from characteristic of n-

type at CuO to the characteristics of p-
type at Cu,O. Resistivity decreased
5scem: Ra=12.8nm from its maximum value 1.09E+3 Qcm
at 5sccm to the value of 1.38E+2 Qcm
at 10 sccm due to increase of Cu atoms
by increasing the argon gas. A slight
decreasing on resistivity was indicated
at Ar of 15 sccm, also the number of
carrier have showed increasing
to 7.66E+15 cm?® and the film

characteristics have become single.

10sccm: Ra=8.4nm phase of p-type at Cu,O as shown at

Fig.2. The high carrier concentration

that was observed at 15 sccm attributed
to the pure structure of Cu,O that have
formed by the suitable number of Cu
and O atoms. As shown in fig.4 the

results of the mobility have provided

the results of the surface morphology

measurements in Fig.3. These results

15sccm: Ra=4.3nm

are consistent with the characteristics

Fig.3 Surface morphology of copper oxide of CuO and Cu,O[18].

at various Ar
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Fig.4 Electrical properties of Cu,O at

various Ar

3.5 Band gap measurement
Fig. 7 shows the optical band gap of
copper oxide under various sputtering
band

using

power.  Optical gap was
by UV-Vis

absorbance spectrum and calculated by

determined

Tauc equation that shown in eq.2,

where Eg is optical band gap, v is

photon velocity, h = Planck’s constant.
(ahv) =exp (hv—-Eg)1/2 (2)

Band gap of copper oxide was 1.8eV at

5 sccm, 2.5eV at 10sccm and 2.7eV at

15 sccm. In  this result that the

fabricated copper oxide showed a CuO
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properties at Ar of 5 sccm, while the
band gap of Cu,O thin films where

observed at 10 sccm and 15 sccm.
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.5 The direct band gap of Cu;0 at various thickness.

4. Conclusion

The copper oxide thin films were
prepared under various argon gas by
using the dc magnetron sputtering
method. XRD, XPS results showed that
the Ar had the main role in film
structure. The copper oxides with an n-
type of CuO phase were obtained under
Ar of 5 sccm, while an p-type of Cu,O
phase was observed at 10 and 15 sccm.
The Hall effect measurment and the
calculated optical band gap showed
that
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this film formation method could
precisely fabricate copper oxcides with

different characteristics.
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