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ABSTRACT

Cuprous oxide (Cu,0) thin films were deposited on glass substrates by electron beam
evaporation at different film thicknesses. The films have excess oxygen at the film thickness of
133nm and the films deposited at thickness of 192nm were nearly stoichiometric. As increasing
the films thickness, the peak intensity and the polycrystalline nature increased. The calculated
stress values are -0.57, -0.34 and -0.83GPa for 133, 192 and 257nm. The surface roughness of
the films decreased with increasing the film thickness upto 192nm, and it increased at higher film

thickness. The poor optical transmittance was observed at low and very high thickness films.
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1. INTRODUCTION

Cuprous oxide (Cuz0) has wide range of applications including solar cells, sensors,
photocatalysts, lithium ion batteries, transparent displays [1]-[4], because of its unique properties
such as, high absorption coefficient in the visible light region, nontoxicity, abundance, band gap
of ~2.1eV, and low fabrication cost [5]-[7]. Various thin film deposition techniques such as, sol-
gel [8], electrochemical deposition [9], thermal oxidation [10], sputtering [11] and electron beam
evaporation [12] have been used to prepare the Cu,O films. Among these deposition techniques,
electron beam evaporation (EBE) is a versatile technique due to its unique properties. The
properties of the electron beam evaporated films are mainly depends on the deposition
parameters such as substrate temperature, target to source distance, accelerating voltage,
thickness, etc. In the present work, Cu,O films were deposited on the glass substrates at different
films thickness and studied the compositional, structural, surface morphology, electrical and
optical properties of the as deposited films.

2. EXPERIMENTAL

The Cu,0 thin films were prepared by electron beam evaporation on the glass substrates
using high purity Cu,O pellets. The vacuum chamber was pumped with the combination of
diffusion pump and rotary pump and is capable of creating an ultimate vacuum of 4x10™* Pa. The
pressure was measured using combination of Pirani—Penning gauge. The pellet was prepared
using high purity (99.99%) Cu,O powder. The pellets were kept in a water-cooled copper
crucible. The films were prepared with different thickness ranging from 133 to 257nm by
adjusting the deposition time. The thickness of the films was monitored by quartz crystal
thickness monitor. The deposition parameters maintained during the preparation of Cu,O films

are given in Table 1.

The chemical composition of the films was analyzed by Energy Dispersive Spectroscopy
(EDS) attached with SEM of model Oxford instruments Inca Penta FET X3. The
crystallographic structure of the films was analyzed by Seifert 3003TT X-ray diffractometer
(XRD), using Cu Ka radiation (k = 0.1546 nm). The microstructure and surface morphology of

the films was studied by scanning electron microscopy (SEM) and atomic force microscopy
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(AFM), respectively. The electrical properties of the films were measured by using standard

four-probe method. The optical transmittance of the films was recorded using a UV-Vis—NIR

double beam spectrophotometry.

Table.1. Deposition Parameters Of Cu,O Films During Deposition

Deposition method

Power source

Pellet

Substrates

Target to substrate distance
Ultimate pressure (Pu)
Evaporation pressure (Pw)
Substrate temperature (Ts)
Accelerating voltage
Filament current
Deposition time

Films thickness

. electron beam evaporation

. e-beam power supply (3 kW)
: Cuz0 (10 mm dia and 3 mm thick)
. Glass

: 60 mm

. 4x10™ Pa

: 3x10” Pa

473 K

: 4kV

: 30 mA

: 5t0 21 min

: 133,192 and 257 nm

3. RESULTS AND DISCUSSION

The stoichiometry of the films was influenced by the film thickness. Fig.1. shows the
EDS spectra of Cu,O films at different film thickness. EDS results revealed that the films

consists only oxygen and copper, and no reflections of impurity were detected. The films have

excess oxygen at the film thickness of 133nm and it decreased with increasing the film thickness

to 192nm. The films deposited at thickness of 192nm were nearly stoichiometric. Beyond this

films thickness the stoichiometry of the films was deviated. The obtained composition results at

different film thickness were listed in Table 2. The similar behavior was observed in dc

magnetron sputtered NiO films by Reddy et al.[13]
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Fig.1. EDS spectra of Cu,0 films at different film thickness: (a) 133nm and (b) 192nm.

Table 2: The Compositional Results Of Cu,O Films

Film thickness Element  Atomic percentage
133nm OK 41.56
CuK 58.44
192nm OK 35.39
CuK 64.61

3.1. Structural Properties

Fig.2. shows the XRD spectra of Cu,O films deposited at different film thickness. The
thickness of the films was also influenced the structural properties. The films deposited at film
thickness of 133nm shows a small peak with amorphous background. As increasing the films
thickness to 192nm, the peak intensity and the polycrystalline nature increased. The peak
intensity increases and become sharper when the films thickness increases, which is due to the
better cystallinity of the films and grain size becomes larger. The large thickness (~192nm) may
provide the sufficient space for thermal motion of particles, as a result the alignment of
crystallites improve. The more thickness (<192nm) does not improve the crystallite size of the

films. The broadening of the peak width at higher films thickness correlated to smaller grains in
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the films. Balu et al. [14] observed the increasing of the crystallnity with thickness in electron
beam evaporated ZnTe films. As increasing the film thickness from 133 to 192nm the peak

position was shifted toward the lower angle side.

The average crystallite size of the Cu,O films at different thickness was calculated by
using Scherrer’s equation [15]. The obtained crystallite size at different film thickness is 10, 23
and 12nm for 133, 192 and 257nm, respectively. The increasing of the crystallite size with films

thickness may be due to decrease of defects in lattice.
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Fig.2. XRD patterns of Cu,0 films at different film thickness
The lattice parameter (a) of the films was calculated using the following relation,

d=a/ (h2+k*+H¥2 (1)
where h, k and | are the Miller indices. The interplaner spacing (d) was evaluated from the X-ray
diffraction data using the Bragg’s relation. The obtained lattice parameter values at different film
thicknesses are lower than the standard value (ICDD = 4.269A). The obtained lattice parameter
values are 4.196, 4.226 and 4.164 A for film thickness of 133, 192 and 257nm, respectively. The
decreasing the lattice parameter with increasing the film thickness was due to stress developed in

the films.
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The change in the stress of films at different film thickness was analyzed. The stress (o) is
calculated using the following relation [16]:
o =-E(a-a,)/2va, ----------- (2)

where E is the Young’s Modules of the Cu,O (30 GPa), ‘a’ is the lattice parameter of the bulk
material, ‘a,” the measured lattice parameter and ‘v’ the Poisson’s ratio (0.455). The films
exhibited compressive stress and it decreased with increasing of the thickness. The calculated
stress values are -0.57, -0.34 and -0.83Gpa for 133, 192 and 257nm. The different types of stress
developed in the films during the deposition is may be due to collision of ablation particles with
the substrate at a high energy, thermal expansion between the substrate and film, and lattice

mismatch between the substrate and film [17].

3.2. Microstructure and Surface Morphology

Fig.3. shows the SEM images of Cu,O films at different film thickness. The films
deposited at thickness of 192nm exhibits quite uniform surface with larger grain size than the
thinner films. As increasing the thickness, the films are more homogeneous with reduced
structural defects, which lead the increasing of the grain size. At higher thickness films exhibited

island and small grains.

(b) (c)

Fig.3. SEM images of Cu,O films at different film thickness: (a) 133, (b) 192 and (c) 257nm

The surface roughness is an important aspect since it influences the electrical and optical
properties of the films. Fig.4. shows the surface morphologies of the films deposited at different
film thickness. The films deposited at lower thickness there are many nucleation centers on the
substrate and produced small grains. The small grains on the substrate are not able to grow into
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large size, thus the lower thickness films have smaller grains. As increasing the films thickness,
the crystallinity of the films is enhanced and the grains become larger [18]. The surface
roughness of the films decreased with increasing the film thickness upto 192nm, and it increased
at higher film thickness. The obtained surface roughness of the films is 4.7, 2.8 and 3.9nm for
133, 192 and 257nm, respectively. The high surface roughness of the films at thickness of 133

and 257nm was due to presence of islands and fine grains.

(b)

Fig.4. AFM images of Cu,0 films at different film thickness: (a) 133, (b) 192 and (c) 257nm

3.3. Electrical and Optical Properties

The electrical properties of Cu,O films at different film thickness are listed in Table 3.
The resistivity and carrier concentrate of the films decreases with increasing the film thickness to
192nm, whereas the mobility of the films increases. The increasing of the mobility with films

thickness was due to the improved crystallinity and grain size of the films.

It is known that the optical properties have strong correlation with the structural and
surface morphology such as density of defects, crystallinity and surface roughness of the films.
Fig.5. shows the optical transmittance spectra of Cu,O films at different film thickness. The poor
optical transmittance was observed at low and very high thickness films. The films deposited at
film thickness of 192nm shows high optical transmittance of 79%. The optical transmittance of
the films increased from 32% to 60% with increasing the film thickness from 150 to 350nm in dc
magnetron sputtered NiO thin films, which was due to high surface light scattering of the films

and poor cystallinity of the films [13].
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Fig.5. Optical transmittance spectra of Cu,O films at different film thickness

The refractive index (n) of the films was calculated using the Swanepoel’s envelope
method [19] from the transmittance spectra. The obtained refractive index values are 2.29, 2.35,
2.31 for film thickness of 133, 192 and 257nm respectively. The similar changes of refractive

index with films thickness was observed in rf magnetron sputtered ZnO films[20].

Fig.6. shows the (ahv)? versus photon energy of Cu,O films at different film thickness.
The films show the high optical band gap at thickness of 133 and 257nm (Table 3). The band gap
energy decreased from 2.47 to 2.3eV with increase in the deposition time from 300 to 600s was
observed in electrodeposited Cu,O films [21]. Chander et al.[22] observed the decreasing of the
band gap at higher thickness in electron beam evaporated CdZnTe film, which was due to
increase of structural defect, mobility, disorder at the grain boundaries, stoichiometric deviation

and guantum size effect change.
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Fig.6. (ochv)ll2 versus the photon energy (hv) of Cu,0O films at different film thickness

Table 3. Electrical And Optical Properties Of Cu,0 Films At Different Film Thickness

Thickness Resistivity Hall mobility Carrier Transmittance Band gap
(Qcm) (cm?/V.sec)  concentration (cm™) (%)at A=650 nm (V)
133nm 77 2.5 3.2x10™° 68 2.29
192nm 31 7.2 2.8x10'° 79 2.20
257nm 44 3.7 3.9x10% 63 2.26

4. CONCLUSIONS

Cu,0 films of have been deposited on glass substrates by electron beam evaporation.
From XRD results, the films deposited at film thickness of 192 exhibited better crystallinity and
smooth surface. The obtained lattice parameter values are lower than the standard value. The
structural and surface morphology of the films improved with film thickness. The films
deposited at thickness of 192nm exhibited smooth surface with optical band gap of 2.20 eV and

electrical resistivity of 31Qcm.
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