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a b s t r a c t

Nanocrystalline cuprous oxide (Cu2O) thin films were synthesized on amorphous glass substrate by using
simple room temperature chemical route namely, chemical bath deposition (CBD) method. The deposi-
tion kinetics played important role to get good quality nanocrystalline films with uniform thickness. The
structural, surface morphological, optical and electrical properties of the films were investigated. Crys-
tallization and growth processes obtained micro-spherical shaped grains of Cu2O due to agglomeration
of smaller nanoparticles. An optical and electrical characterization was performed to study the optical
eywords:
uprous oxide
anocrystalline thin films
hemical method
RD
EM

band gap and type of electrical conductivity of the film.
© 2011 Elsevier B.V. All rights reserved.
and gap
oom temperature synthesis

. Introduction

Cuprous oxide (Cu2O) belongs to I–VI compound semiconductor
aterial which has been studied for several reasons such as: the

atural abundance of starting material (Cu); the easiness of pro-
uction by Cu oxidation; their non-toxic nature and the reasonably
ood electrical and optical properties. Cu2O thin film is a colored
lm ranging from yellow to red-brown with tailored band gaps
epending upon the particle size due to size quantization. Cu2O
hin film nanostructures have attracted significant attention as it is
ne of the first known p-type direct bandgap semiconductor with
n optical bulk bandgap of 2.17 eV [1]. The growing interest in Cu2O
anostructures is due to its potential photovoltaic material which

s with lower cost, nontoxicity and can be prepared in large scale
pplications [2–4]. The crystal structure of Cu2O is cubic and is a
romising material for solar cell applications [5].

Cuprous oxide can be prepared by many techniques such as, the

nodic oxidation of copper through a simple electrolysis process
6], the thermal oxidation method [7], spray pyrolysis [8], reactive

agnetron sputtering [9], r.f. magnetron sputtering [10], reactive
vaporation [11], sol–gel method [12], electro-deposition [13,14]
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E-mail address: rspatil shahada@yahoo.co.in (R.S. Patil).

925-8388/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2011.02.016
and chemical methods [15,16]. Many of these methods are expen-
sive; require a high temperature and a high vacuum environment.

Till today, no attempt has been made to synthesize Cu2O films by
simple chemical bath deposition method at room temperature. The
choice of this technique centers largely on the fact that it possesses
a number of advantages over conventional thin film deposition
methods, such as low cost, room temperature, and easy coating
of large surfaces. These technologies are based on the controlled
release of the metal ions. Hence, aim of this work is focused to
prepare and characterize nanocrystalline Cu2O thin films on to
amorphous glass substrate by using simple and low cost chemical
bath deposition method.

2. Experimental details

For the deposition of Cu2O thin film, all the reagents used were of analytical
grade (Merck chemicals) and used as supplied without any purification. Copper
nitrate [Cu(NO3)2·3H2O], hydrazin-hydrate [H6N2O] and triethanolamine (TEA)
were used for the deposition of cuprous oxides (Cu2O) thin films in an aqueous
medium. Double distilled water was used throughout the experiment.

Substrate cleaning plays an important role in the deposition of thin films in

order to get better nucleation sites at the substrate surface. Corning glass slides of
dimensions, 25 mm × 75 mm × 1 mm were used as substrates. Initially, the substrate
were washed with double distilled water (DDW), boiled in chromic acid for 2 h and
kept in it for 12 h. Again, the substrates were washed with detergent (soap solution),
rinsed in acetone and finally ultrasonically cleaned with DDW before deposition of
thin film.

dx.doi.org/10.1016/j.jallcom.2011.02.016
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:rspatil_shahada@yahoo.co.in
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particles attaching to the surface of spherical grains are might be
due to over growth observed with some content of small hydroxide
phase having conductivity less than that of pure Cu2O as seen by
bright colour as compared to black spherical particles of pure Cu2O.
Fig. 1. Flow chart of as-deposited Cu2O thin film.

Chemical Bath Deposition (CBD) method was used to deposit Cu2O thin films
nto amorphous glass substrate at room temperature. Deposition of thin films of
u2O involves 0.1 ML−1 copper nitrate, 0.05 ML−1 hydrazin-hydrate with 1 ML−1

riethanolamine (TEA) as a complexing agent. Taking the 20 ml solution of copper
itrate in a 50 ml beaker, the glass substrate was suspended vertically in the solu-
ion with the aid of a beaker cover. The addition of 1 ML−1 TEA to copper nitrate
olution resulted in a deep blue solution. The further addition of hydrazin-hydrate
o the solution resulted in a hissing sound indicating the release of nitrogen gas and
rapid change in colour, first to light blue and then to light yellow, reddish brown,
nd, finally blue. The optimum growth period was 5 h. The film deposited was pure
ellow in colour.

. Characterizations

The crystallographic orientation as well as structure of the
eposited films were studied using X-ray diffractometer (Model
ruker D8 advance AXS) with scanning angles in the range 20–80◦

sing CuK� radiation (� = 1.5406 Å). Scanning electron microscopy
SEM) images were recorded by JOEL, JSM 6360A unit to study the
urface morphology of the deposited films. To study the local com-
osition of the deposited films Energy dispersive X-ray analysis
EDAX) couples with SEM unit was used. The optical absorption
pectrums of the films were recorded using an UV-Vis-NIR Shi-
adzu spectrophotometer. The two point probe method was used

or electrical resistivity measurements. Thermo e.m.f. measure-
ent unit was used to confirm the p-type electrical conductivity

f the film.

. Results and discussions

During initial deposition process, copper nitrate forms a strong
omplex with TEA and solution gets saturated, the ionic product is
qual to the solubility product. As time passes, strength of complex
etween copper nitrate and TEA decreases with slow release of
opper ions. As the ionic product of the solution (IP) exceeds the
olubility product (SP), copper ions gets reacted with the oxygen
ons which leads to film deposition [17]. This is the point at which
he yellow component of the solution has either been deposited
n the substrate or the side of the beaker or has formed sediment
eaving a light blue solution.

The flow chart summarizes the formation of Cu2O which is
hown in Fig. 1. The reaction mechanism for Cu2O thin film depo-
ition is proposed as follows:

u(NO3)2 + TEA ↔ [Cu(TEA)]2+ + 2NO−
3 (1)
Cu(TEA)]2+ ↔ Cu2+ + TEA (2)

6N2O + 2NO−
3 +6e− ↔ 2H2O + 2N2 + 4O2− (3)

Cu2+ + 4O2− + 8e− ↔ 4Cu2O ↓ (4)
Fig. 2. X-ray diffraction pattern of as-deposited Cu2O thin film onto glass substrate.

Fig. 2 shows the X-ray diffraction pattern of as-deposited Cu2O
thin film on to the amorphous glass substrate. The film exhibit the
nanocrystalline nature with broad hump due to amorphous glass
substrate. The short intense peaks at 2� = 36.48◦ (d = 2.4635 Å) and
2� = 42.19◦ (d = 2.1335 Å) corresponding to the (1 1 1) and (2 0 0)
planes of Cu2O with cubic crystal structure [18]. The crystallite size
was estimated by using the well-known Scherrer’s formula as,

D = 0.9�

ˇ cos �
(5)

where � = 1.5406 Å for CuK�, ˇ is the full width at half maximum
(FWHM) of the peak corrected for the instrumental broadening in
radians and � is the Bragg’s angle. The sample of as-deposited Cu2O
thin film resulted in an average crystallite size of 11 nm.

The microstructure image of the Cu2O thin film on glass sub-
strate is as shown in Fig. 3(a). The as-deposited film shows
micrometer size spherical grains (200–300 nm). These bigger size
grains are formed due to agglomeration of small size nanoparticles.
The film surface looks smooth and uniform. Appearance of small
Fig. 3. (a) Scanning electron microscopy image, and (b) energy dispervive X-ray
analysis spectrum of as-deposited Cu2O thin film onto glass substrate.
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ig. 4. (a) Plot of absorption vs. wavelength, and (b) variations of (˛h�)2 vs. energy
h�) of as-deposited Cu2O thin film onto glass substrate.

Energy dispersive X-ray analysis (EDAX) spectroscopy measure-
ent was used to determine the local composition of as-deposited

u2O thin film on the glass substrate. A typical EDAX spectrum is as
hown in Fig. 3(b). The EDAX analysis shows the presence of copper
Cu), oxygen (O) and the presence of other elements like Na, Si and
a is from the glass substrate. In the present case, small amount
f surface contamination of oxygen cannot be excluded entirely
nd inclusion of hydrogen in hydroxyl phase cannot be detected by
DAX.

Fig. 4(a) shows the optical absorption spectra of Cu2O film on the
lass substrate in the wavelength range of 350–800 nm. The figure
hows that absorbance decays exponentially with an increase in
avelength. The absorbance is large in the UV regions but decays

ery sharply within the UV–Vis boundary extending into the Vis
egion. The decay becomes relatively slower in the VIS and NIR
egions. The nature of the transition (direct or indirect) is deter-
ined by using the relation

hv = A(hv − Eg)n (6)

here ‘h�’ is the photon energy and ‘Eg’ the optical bandgap. ‘A’ is a
onstant which is related to the effective masses with the valence
nd conduction bands and n depends on the nature of the transition.
or direct allowed transitions, n = 1/2 and for indirect allowed tran-
itions, n = 2. Fig. 4(b) shows the plot of (˛h�)2 vs. h�. The variation
f (˛h�)2 with h� is linear which indicate that the direct allowed
ransition is present. The value of the optical band gap has been
etermined from the value of the intercept of the straight line at a
˛h�)2 = 0. The as-deposited Cu2O thin film shows the optical band
ap 2.44 eV. In the literature Cu2O thin film the reported band gaps
re listed as 2.1 eV [13], 2.17 eV. [1], 2.20 eV [22], 2.25 eV [10] and
.35 eV [19]. The band gap value is much greater that the reported
hich clearly demonstrate the enhancement in band gap due to
ecreasing particle size.

The two-point DC probe method was employed to understand
he variation of electrical resistivity in the temperature range
00–400 K in air atmosphere. The room temperature electrical
esistivity of as-deposited Cu2O thin films on glass substrates was
ound to be 1.2 k�-cm which is quite lower than the reported value
20]. Fig. 5 shows a plot of inverse absolute temperature verses log
resistivity) for a cooling cycle. The dependence is almost linear

ndicating the presence of only one type of conduction mechanism
n the film. Since, our experimental data fit into the relation,

= �0 exp
−Ea

kT
(7)
Fig. 5. Plot of log � vs. 1000/T for as-deposited Cu2O thin film onto glass substrate.

where � is the resistivity at temperature T, �0 is a constant, k
is Boltzman’s constant, T is the absolute temperature and Ea is
the activation energy. In this case, activation energy was calcu-
lated from linear portion of the graph and is found to be 0.105 eV.
Although film preparation methods are different, these values are
quite comparable with the reported one [21,22] for Cu2O thin film.
The decrease in resistivity with increase in temperature confirms
the semiconducting behavior of the Cu2O film.

In the thermo e.m.f. measurement, the temperature difference
causes the transport of carriers from the hot end to the cold end and
thus creates an electric field, which gives the thermal voltage. This
thermally generated voltage is directly proportional to temperature
difference created across the semiconductor. It was found that the
polarity of thermally generated voltage at the cold end for Cu2O
thin film is positive indicating Cu2O is p-type semiconductor.

5. Conclusions

Simple and inexpensive method, namely, chemical bath deposi-
tion (CBD), has been successfully used to synthesize nanocrystalline
Cu2O thin films on amorphous glass substrates. A dense, smooth
and homogeneous film was observed by surface morphology. Big-
ger size grains were clearly observed due to agglomeration of
smaller ones with the band gap value of 2.44 eV with a p-type
electrical conductivity.
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