AL-Qadisiva Journal For Engineering Sciences Vol.6  No.4 Year 2013

STUDY THE OPTICAL PROPERTIES OF COPPER OXIDE THIN
FILM DEPOSITED BY COLD SPRAY

Samir H. Awad Riyam |. Jadaan

ABSTRACT:

Copper oxide (CuO) thin films were prepared by cold spray process using inert atmosphere (helium
gas) without employing any catalyst. CuO dry powder was sprayed onto microscope glass slide by
heating carrier gas at 100, 200, 300, and 400 °C ,with 30 bar gas pressure onto substrates of 300 + 5°C
at different angles 0°, 30°, 45°, then study the effect of these parameter on the structural, and optical
properties of the resulted thin film. The X-ray diffraction (XRD) studies showed that the as-deposited
CuO has the monoclinic structure with low strain. SEM images show that the thin film has no porosity
or agglomeration and deposit on the entire region. The CuO thin film exhibited a high transmittance of
about (96%).

Key words: TCO materials; Optical properties; CuO; Cold spray process.
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1- INTRODUCTION

In recent years, the synthesis of nanostructured thin films of a semiconductor and metal oxides
has attracted an increasing attention due to their excellent electronic and optical properties
compared with those of the corresponding bulk materials [1]. The current challenges are to find
methods to synthesis of these materials with controlled characteristics of size, phase, morphology,
composition and good levels of purity to generate thin films [2,3], one of these methods is the
cold spray where the worldwide interest in the cold spray technique has led to significant research
effort, both in the design of equipment and methods to make it more simple and efficient [4]. This
method is totally different from other coating processes because the use of low temperatures
where low temperature aids in retaining the original powder chemistry and phases in the coating,
with changes only due to deformation and cold-working [5]. And prevent stress generation which
always induces after the significant change in the temperature [4]. Also this process has another
feature which is it low cost in comparison with other thermal spray method [6]. Oxides of copper
are known to show p-type conductivity and are attracting renewed interest as promising TCO
materials in the fabrication of a wide range of optoelectronic devices. Nontoxic, economic and
abundant availability and relatively simple formation of oxide makes copper oxide as an
interesting material [7]. Cuprous oxide (Cu,0) and cupric oxide (CuO) are the two main
semiconductor phases of copper oxide with narrow band gap [8]. Compared with Cu,0, CuO is
more stable and more easily prepared. Its band gap matches the spectrum of sunlight more
closely, allowing it to absorb more sunlight. These characteristics make it more suitable for solar
cell applications [9]. CuO is unique as it has a square planar coordination of copper by oxygen in
the monoclinic structure. The lattice parameters of CuO are a= 4.6837A°, b= 3.4226A°, c=
5.1288A°[10,11].

2. EXPERMENTAL DETALES

2-1 Thin Film Deposition

CuO films have been produced by spraying copper oxide powder onto the microscope glass
substrates (1x25x75mm?3) at substrate temperature of 300°C. Prior to deposition, the substrates
were cleaned with acetone and ethanol alcohol, washed with de-ionized water (non-ionized)
followed by a wet soft tissue [12]. The powder that used is cupric oxide (CuQO) with particle size
200 mesh (78um), origin (wenger materials for craft pottery), with purity 96%. The copper oxide
powder was ground for 8 hour using Ball Mill type (9VS, CAPCO test equipment Ltd. UK), to
obtain the desire particle size. After ground of the powder the study of particle size and particle
size distribution was made through a Laser Diffraction Particle Size Analyzer (type 2000
Bettersize Instrument Ltd. ,China). The home-made cold spray apparatus was fabricated and built,
as shown in (Figure 1).

The prepared substrates are fixed onto electric heater, the growth of copper oxide
microstructures were carried out by spray of powders in an inert atmosphere (Helium gas) at
conditions shown in (Table 1). Subsequently develops a nanocrystalline layer at substrate with
temperature of 300°C [13,14]. After the deposition process, the samples were annealed in vacuum
furnace (GSL-1500X MTI CORPORATION, USA) The samples were annealed at 450°C [12, 15]
for 30 min at a rate of 20 °C.min~! under vacuum of 0.5 x 1073 Torr.

2- 2 Structural Characterization

Crystal structure were investigated by means of a X-ray diffraction XRD Shimadzu 6000 Japan
using CuKal, (A=1.5405A, 30mA, 40 kV) in 20 range from 20° to 70°.
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2-3 Optical Transmission Measurement

The optical transmittance of the copper oxide films was studied in the wavelength range from
(300 - 1100nm) at room temperature. By using UV-VIS-NIR spectrophotometer (type SP8001
Metertech, USA).

2-3-1 The Absorption Coefficient (o) Measurement

The absorption coefficient can be define as a measure of the rate of decrease in the intensity of
electromagnetic radiation (as light) as it passes through a given substance ,or it is the fraction of
incident radiant energy absorbed per unit mass or thickness of an absorber [16]. It is important to
calculate The absorption coefficient in order to know the nature of the electron transition, if the
value of measured o is high, as (@ > 10* cm™1) then the transition is direct, while if the value of
measured o is low, as (a < 10* cm™1) then the transition is indirect [17], also the value of
absorption coefficient refer to the ability of thin film material to absorbs the incident radiation
[16].

The absorption coefficient can be determined by Beer—Lambert law [18]:

[=Le™ (1)

Where: 1 is the intensity of transmitted UV spectrum, I, is the intensity of UV entering the
material (excluding surface reflection), o is the absorption coefficient in inverse length units, t is
the thickness of the thin film [18].

Since Ais (log 17 ) and it represent the absorption of thin film, o can be rewritten as [18]:

()

2-3-2 Optical Band Gap (Eg) Measurement

The optical absorption is dominated by the optical band gap (E;) of the semiconductor that is

related to the optical absorption coefficient (o) and the incident photon energy (hv) by using Tauc
equation [18]:

(ahv) = A(hv — Ey)" (3)

where o is absorption coefficient, A is constant (independent from v) and n the exponent that
depends on the kind of optical transition (n = 1/2, 2 when the transition is direct-allowed, indirect-
allowed respectively).

The photon energy (hv) can be calculated using [19]:

— — he
E—hv—/1 (4)
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where h is Plank’s constant (6.626x1073%), ¢ is speed of light (3x108) and A is the wavelength
[20].

2-4 Surface Morphology

To study the surface topography and morphology of films, Scanning Electron
Microscope (SEM) type (Tescan VEGA Easy Probe ,CZ - Europe ), were used. The
thickness of the film was monitored using depth profiler probe (PF probe) type
(Angstrom Sun Technologies Inc., USA).

3- RESULTS AND DISCUSSION

3-1 Laser Diffraction Particle Size Analyzer for CuO Powder

(Figure 2) show Particle size distribution of the CuO powder, it is possible to observe that the
differential volume has a Gaussian distribution and the accumulated volume is expressed in a
continuous line. The statistic of the particle size distribution can be found in (Table 2) ,where it
can be seen that 80% of the particles are between 1.797 pum and 19.55 um with a mean size of 10
pm .

This powder presents a size in the range of the ideal size (1-501) of cold spray process. Also, it
has a narrow size distribution (0.8-28um), therefore the particles may present the same impact
velocity, by having the same weights, so it will impact the substrate at the same velocities because
they can reach the same kinetic energy.

3-2 Structural Properties

(Figure 3) shows XRD patterns for CuO thin films, deposited onto substrate in the 26 range
(20° -70°). Pattern indicated that there are two sharp reflection peaks (111) and (111) at 35.552°
and 38.75° respectively and the film was polycrystalline in nature. The monoclinic structure was
matched with the standards peaks (ASTM - Card file No. 00-005-0661).

3-3 Optical Properties

3-3-1 Transmittance

(Figure 4) shows the relationship between the optical transmittance and wavelength of the
CuO thin films deposited on the glass substrate at different deposition temperatures. The value of
the optical transmission increased with increasing temperature of the deposition in the ultraviolet
and visible regions because as the temperature increase the grain size increase and the grain
boundary decrease (which act as a scattering center) so that the light will pass without disperse,
and when the wavelength is increase at near infrared region we notice that the thin film which
deposits at 400°C has a little increase compared with other deposited thin film because increasing
the deposition temperature leads to the regularity of the structure. (Figure 5) shows the
relationship between transmittance with wavelength of CuO thin films, deposited on the glass
substrate at different deposition angles. The value of transmittance increases with increasing angle
of deposition, because the light does not disperse when passed through the film. The optimum
optical transmittance was found for the thin film formed on a glass substrate at (200 °C and 45°).
As shown in (Figures 4 and 5), an average transmission of about 96% was observed for the CuO
thin in the visible regain.

442



AL-Qadisiva Journal For Engineering Sciences Vol.6 No.4 Year2013

3-3-2 The Absorption Coefficient (o)

(Figure 6) shows the variation of absorption coefficient with the photon energy for CuO at
different temperature . It can be noticed that the absorption coefficient increased with photon
energy increasing . (Figure 7) shows the variation of absorption coefficient with the photon
energy for CuO at different angle and temperature fixed at 200°C, it is clear to see that the
absorption coefficient decrease as the angle increase .From the previous (Figures 6 and 7) it can
be concluded that the thin film has two type of electron transition (direct , indirect).

3-3-3 Energy band gab (Eg)
3-3-3-1 Effect of Temperature Variation on the Energy Band Gab (EQ)

The direct allowed energy band gab (Eg) can happened if the transition between the upper
limited of covalent band and the lower limited of conductive band. The (Figures 8, 9, 10, and 11)
indicate that the energy gab affects with the deposition temperature where the energy band gab
(Eg) value is found to be (2.35 eV -1.99 eV). Where at 100°C we notice that the Eg is (2.35 eV),
200°C (2.349 eV) , 300°C (2.3 eV) ,and 400°C (1.99 eV). this decrease in Eg value because the
decrease in localize state inside the energy band gab which may found because defect in the
structure.

The indirect allowed energy band gab (Eg) can happened if the transition in places near the
direct allowed. The coming (Figures 12 ,13 ,14 ,and 15) indicate that the energy gab affects with
the deposition temperature where the energy band gab (Eg) value is found to be (1.25 eV — 1.12
eV) Where at 100°C we notice that the Eg is (1.25 eV), 200°C (1.18 eV) , 300°C (1.2 eV) ,and
400°C (1.12 eV), this decrease in Eg value because decrease in localize state inside the energy
band gab which may found because defect in the structure.

3-3-3-2 Effect of Angle Variation on the Energy Band Gab (Eg)

The (Figures 16 ,17 ,and 18), indicate that the energy gab effects with the deposition
temperature where the energy band gab (Eg) value is found to be (2.349 eV -2.46 eV). Where at
0° we notice that the energy band gab (Eg) is (2.349 eV), 30° (2.4 e¢V) ,and 45° (2.46 eV),there is
an increase in the energy band gab value.

The coming (Figures 19, 20, and 21), indicate that the energy gab affects with the deposition
temperature where the energy band gab (Eg) value is found to be (1.18 eV -1.55 eV). Where at 0°
we notice that the energy band gab (Eg) is (1.18 eV), 30° (1.51 eV) ,and 45° (1.55 eV), there is an
increase in the energy band gab value.

The calculated band gab are collected in (Table 3), to show the variation of band gab with
deposition temperature and the deposition angle in easy way.

3-4 surface properties

(Figures 22) shows image of SEM for prepared CuO thin films. It is clear that the CuO thin
films have distributed over the entire area with no porosity or agglomeration.

The thin film thickness is 100 nm.
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4- Conclusions

1-Copper oxide thin films crystals with a monoclinic structure, were deposited by cold spray
process and no template or catalyst was used.

2-The XRD results of the thin films crystals found that the thin films are consistent with the
structure of monoclinic.

3-The optical transmittance for CuO thin film increased with increasing temperature of the
deposition in the ultraviolet region and visible light with an average visible transmittance 96%,
also it increased with increasing angle of the deposition because the deposition efficiency
increase.

4- The absorption coefficient increase with photon energy, also it is notice that the thin film
behave two type of electron transition (direct , indirect ). The value of calculate energy gab is in
the range of CuO.

5- The obtain Copper oxide produce in this work consider to be a (TCO) Transmittance
Conductive Oxide, and all those result make copper oxide suitable material as windows for solar
cell.
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Table (1): Typical range of parameters for cold spray process.

parameters Range
Operation gases Helium gas (He).
Substrate temperature(°C) 300 [13,14]

Gas pressure (bar),without catalyst 30

Gas temperature (°C) 100, 200, 300, 400

Spray distance (mm) 40 [4]

Power consumption(for heat gas) (Kw) 3
Powder feed rate ( g/s) 0.3
Deposition angles (°) 0, 30, 45

.Table (2): Statistics of the particle size distribution of the CuO powder.

Parameters Result

Mean particle size 10 um
Diameter correspondent to 10% accumulated volume 1.797 pm
Diameter correspondent to 50% accumulated volume 8.263 um
Diameter correspondent to 90% accumulated volume 19.55 um

Table (3): Optical band gap (Eg) values for copper oxide thin films.

Parameter | Direct-allowed energy gab (eV) | Indirect-allowed energy gab (eV)
100°C 2.35 1.25
200°C 2.349 1.18
300°C 2.3 1.2
400°C 1.99 1.12
0° 2.349 1.18
30° 2.4 151
45° 2.4 155
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Figure (1): Schematic diagram of a cold spray system.
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Figure (2): Particle size distribution of the CuO powder
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Figure (3): The XRD patterns of the CuO thin films.
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Fig (4) the relationship between the optical transmittance and wavelength for CuO thin films at
different temperature.

100

T%
888888

20
10

—o30"

——845°

200

600 800 1000
A (nm)

Figure(5) the relationship between of the optical transmittance and wavelength for CuO thin films
at different angle and fixed temperature at 200°C.
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Figure (7) the variation of absorption coefficient with the photon energy for CuQ at
different angle and temperature fixed at 200°C .
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Figure (10) The variation of (¢hv)? versus photon energy (hv) for CuO films at 300°C .
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Figure (11) The variation of (ahv)? versus photon energy (hv) for CuO films at 400°C .
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Figure(13) The variation of (zhv): versus photon energy (hv) for CuQ films at 200°C
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Figure (14) The variation of (ahv)z versus photon energy (hv) for CuO films at 300°C .
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Figure (15) The variation of (ohu)z versus photon energy (hv) for CuQ films at 400°C
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Figure (17) The variation of (chu)? versus photon energy (hv) for CuO films at 30°
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Figure(20) The variation of (ohv)2 versus photon energy (hv) for CuO films at 307 .
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SEM MAG: 10.00 kx SEM HV:.3(§I.DO KV
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Figure (22): SEM image of CuO thin film onto glass substrate at deposition temperature 200°C.
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