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ABSTRACT
Nanocrystalline Copper Oxide films were deposited on glass substrates by plasma
dc sputtering. The effected of discharge current on the structural and optical
properties of sputtered films were studied .X-ray diffraction peak of Cu 2O (111) and
Cu4O3 (112) direction was observed at discharge current of (15-30) mA when
annealed at 500 0C for 2 h. The optical energy gap for the prepared films is estimated
to be in (2.05- 2.3) eV range. It was found that the effect of preparation conditions on
thin films thickness strongly depends on the discharge current of argon plasma.

دراﺳﺔ ﺧﺼﺎﺋﺺ اﻏﺸﯿﺔ اوﻛﺴﯿﺪ اﻟﻨﺤﺎس اﻟﻤﺤﻀﺮة ﺑﻄﺮﯾﻘﺔ اﻟﺘﺮذﯾﺬ ﻟﻠﺘﯿﺎر اﻟﻤﺴﺘﻤﺮ
اﻟﺧﻼﺻﺔ
ﺗﻢ ﻓﻲ ھﺬا اﻟﺒﺤﺚ ﺗﺤﻀﯿﺮأﻏﺸﯿﺔ ﻧﺎﻧﻮﯾﮫ ﻣﻦ ﻣﺮﻛﺒ=ﺎت اوﻛﺴ=ﯿﺪ اﻟﻨﺤ=ﺎس رﺳ=ﺒﺖ ﻋﻠ=ﻰ ﻗﻮاﻋ=ﺪ زﺟﺎﺟﯿ=ﺔ
 ﺗ==ﻢ ﻣﻨﺎﻗﺸ==ﺔ ﺗ===ﺎﺛﯿﺮ ﺗﯿ==ﺎر اﻟﺘﻔﺮﯾ==ﻎ ﻋﻠ===ﻰ اﻟﺨﺼ==ﺎﺋﺺ اﻟﺘﺮﻛﯿﺒﯿ==ﺔ واﻟﺒﺼ===ﺮﯾﺔ. ﺑﺎﺳ==ﺘﺨﺪام اﻟﺘﺮذﯾ==ﺬ ﺑﺎﻟﺒﻼزﻣ===ﺎ
 ظﮭ=ﺮت ﻓ=ﻲ اﻷﻏﺸ=ﯿﺔ.وﺑﺎﺳﺘﺨﺪام ﺣﯿ=ﻮد اﻷﺷ=ﻌﺔ اﻟﺴ=ﯿﻨﯿﺔ واﻟﺘ=ﻲ أوﺿ=ﺤﺖ وﺟ=ﻮد اﻟﺘﺮﻛﯿ=ﺐ ﻣﺘﻌ=ﺪد اﻟﺘﺒﻠ=ﻮر
 ﻟﻤ=ﺪة ﺳ=ﺎﻋﺘﯿﻦ500 0C ( واﻟﻤﻠﺪﻧ=ﺔ ﺑﺪرﺟ=ﺔ ﺣ=ﺮارة15-30) mA اﻟﻤﺤﻀ=ﺮة ﺑﺘﯿ=ﺎر ﺗﻔﺮﯾ=ﻎ ﯾﺘ=ﺮاوح ﺑﻤ=ﺪى
 ﻛﻤ===ﺎ وﺟ===ﺪ إن ﻓﺠ===ﻮة اﻟﻄﺎﻗ===ﺔ اﻟﺒﺼ===ﺮﯾﺔ.(Cu2O,Cu4O3)( ﻟﻼط===ﻮار111),(112) وﺟ===ﻮد ﻣﺴ===ﺘﻮﯾﺎت
 ﻛﻤﺎ وﺟﺪ إن ﺳﻤﻚ اﻷﻏﺸﯿﺔ اﻟﻤﺤﻀ=ﺮة ﯾﺘ=ﺄﺛﺮ ﻣ=ﻊ ﺗﯿ=ﺎر.(2.05-2.3) eV ﻟﻸﻏﺸﯿﺔ اﻟﻤﺤﻀﺮة ﺗﺘﺮاوح ﻣﻦ
.اﻟﺘﻔﺮﯾﻎ ﻟﺒﻼزﻣﺎ اﻻرﻛﻮن
INTRODUCTION
opper Oxide Cu2O; is a material of interest in the optoelectronic devices
band on oxide semiconductors. Cu2O has a direct band gap energy 2.1 ev
[1,2]; is abundantly available, nontoxic in nature with low cost of production.
The p-type conductivity arises due to copper vacancy (V Cu); which is reported to form
acceptor level at 0.12- 0.70 eV [3] above valance band. Cu 2O thin films find many
applications in hetrojunction, solar cells, electro chromic devices, and Oxygen and
humidity sensors [4,5]. Copper oxide is a semiconductor which shows varying optical
behavior because of stoichiometric deviations arising from its methods of preparation
and parameters [6]. Thin films of Cu 2O have been fabricated using the sputtering
method[7,8], different techniques such as molecular beam epitaxial[9], chemical
vapor deposition[10] ,reactive rf, and dc magnetron sputtering [11]. Among all the
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techniques of deposition, direct current (DC) magnetron sputtering is one of the best
compositions. The physical properties of the Cu2O films are influenced not only by
deposition techniques, but also by process parameters, such as argon partial pressure,
sputtering power and sputtering pressure. In this study the Cu 2O thin films were
prepared on glass substrate by DC magnetron sputtering and the influenced of argon
partial pressure and related the discharge current and on the structural and optical
properties of the films were investigated.
EXPERIMENTAL PROCEDURES
The films were dc sputtered from copper target (99.9) in a homemade plasma
system. The sputtering chamber was evacuated to less than 5×10 -5 mbar, throttled
and the sputtering gas pressure was 2×10 -1 mbar with a discharge current (15-30)
mA ,and voltage (0.6-1) KV .The glass substrates with dimensions (4×1.5×0.15) cm,
and optical transmission of about 95% were used for depositing the films. The
optical spectrum of absorption and transmission were measured by the (UV-VIS2601, Biotech Engineering Management CO.LTD) spectrophotometer. X-ray
diffraction (XRD) was used to characterized the structure of the films on a
diffractometer of (Shimadzu) with Cu Kα (ƛ=0.15418 nm) radiation. The atomic
force microscopy (AFM) is contact mode was used to analyze the morphological
feature on Ingstrom Inc, (AA3000).
RESULT AND DISCUSSION
Figure (1) presents the XRD diffraction patterns in the range of 2θ where the
diffraction patterns for the deposited samples; where Figure (1-a) shows the
amorphous structure, and Figure (1-b) shows the presence of diffraction peaks (111)
,and (112) of (Cu 2O) and (Cu4O3) phase respectively ;for the deposited samples
which annealed at (500 0C) . Bhattacharyya et al. [12] also obtained Cu2O samples
with reflection from (111) ,and (112) planes of cubic phase by RF sputtering
technique ,and table(1) lists the observed of Cu 2O of plane (111) besides the trace
amount of Cu4O3 of plane (112) which appeared because of excessive oxygen. This
effect result due to the annealing process.

2Ɵ (deg)
Figure (1) XRD Patterns of sputtered copper oxide films
(a) as deposited, and (b) annealed at 500 0C.
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Table (1) X-ray diffraction data for copper oxide films.
d (A0)
2- (degree)
hkl
37.009
28.090

111 (Cu2O)
112 (Cu4O3)

2.427
3.174

Figure (2) shows the AFM images of four specimens surface for different films
thickness; due to changing the current discharge at argon plasma. The most important
feature that we can observe from the images is decorations of collapsed grains are
distributed homogeneously with a pattern consistent with a polycrystalline film. A
quantitative analysis of the roughness from the images is summarized in Table (2) here
the normalized roughness ρ of the films is presented as a function of the film thickness.
Table (2) Surface roughness of copper oxide thin films.
sample Thickness
Discharge
Normalized
(nm)
current Id
roughness (ρ)
(mA)
A
130
15
12.3
B
140
20
26.3
C
145
25
15.7
D
150
30
27.8

A

b

Figure (2) to be Continued
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Figure (2) AFM surface morphologies of copper oxide thin films.

Figure(3) shows the effect of discharge current on the thickness of the deposited
films, because the increasing of discharge current leads to increase in the density of
charge particles included the bombarding ion of argon which influenced in yield rate of
sputtering from the Cu target.

Figure (3) The Variation of film thickness as a function
of the discharge current.
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Figure (4 and 5) show the optical absorbance and transmittance spectrum of
deposited films as deposited at different thickness, which are prepared at various glow
discharge currents in the wave length range of 300 to 1100 nm at room temperature
,which increases and decreases respectively with increasing of film thickness. This
effect could be attributed to increase the diffusion of copper and oxygen atoms into
band gap as localized levels.

Figure (4) Absorption spectra of copper oxide films
deposited with different thicknesses.

Figure (5) Transmission spectra of copper oxide films
Deposited with different thicknesses.
The direct energy gap of prepared films has been determined from the plot of
(αhυ )2/3 the absorption coefficient as a function of photon energy as shown in Figure
(6). The value of the direct energy gap was found to be (2.3, 2.2, 2.1, 2.05) eV for
deposited films this result agreement with studying of Mugwang ‘n et al [13] . This slight
reduction in direct energy gap is due to the copper oxygen diffusion which occupies
interestial essential sites between Cu2O lattices. This process results in new localized
states of impurities, which causes decreases in the optical energy gap. The behavior of
refractive index and extinction coefficient are similar to the corresponding
transmittance and absorbance spectra respectively.
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Figure (6) The variation of (αhυ)2/3 with photon energy of
Copper oxide thin films for different thicknesses.

CONCLUSIONS
We successfully obtained sputtered Copper Oxide thin films. For the prepared
films, spectral investigation of the transmittance and absorbance at (300-1100) nm
region showed that the optical properties of Cu 2O films are affected by films
thickness which related to the sputtering discharge current.
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