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Cu,O is considered to be promising as an absorber layer material of solar cells, but its band gap (about 2.1eV) is larger than the
optimum one (about 1.5 eV). CuO has a smaller band gap of about 1.35 eV. Therefore, we attempted to oxidize Cu,O using H,O, to
increase oxygen ratio and decrease band gap. Cu, O thin films were deposited on indium-tin-oxide-coated glass from an aqueous
solution containing CuSO,, lactic acid, and KOH by the galvanostatic electrochemical deposition at 40°C with current density of
~1mA/cm’. Then, the as-prepared copper oxide thin film was dipped in H,0, (30%) at fixed temperature to oxidize for some time.
By the H, O, treatment at room temperature, the oxygen content was increased, and the band gap was decreased.

1. Introduction

Solar cell devices can be divided into three major categories:
silicon solar cells, inorganic compound semiconductor solar
cells, and organic solar cells. At present, crystalline silicon
solar cells have high photovoltaic conversion efficiency, but
production cost is high. For amorphous silicon solar cells,
the production cost can be significantly reduced, but the
main problem is that the photovoltaic conversion efficiency
is low. Organic solar cells in general have a severe problem
of poor stability. As an alternative, compound semiconductor
solar cells are considered to increase the conversion efficiency
and effectively reduce production cost. CulnSe, (CIS) and
CdTe solar cells are now in practical use as compound
semiconductor solar cells. One of the advantages of CIS
and CdTe solar cells compared to silicon-based solar cells is
that their absorption coeflicients are large so that the film
thickness can be small. Moreover, a manufacturing process is
not complicated, and hence production cost will be reduced.
However, In and Te are rare-earth elements, and Seand Cd are
toxic. In contrast, constituent elements of Cu, O are abundant,
inexpensive, and harmless to a human body. Riihle et al.
reviewed recent developments of all-oxide PV systems, which
until today were mostly based on Cu,O as an absorber [1].

So far, the Cu,0/ZnO heterojunction was fabricated by
several methods, for example, sputtering technique [2-5],
oxidation of metals [6, 7], photochemical deposition [8], and
electrochemical deposition (ECD) [9-12]. ECD is a simple
technique which can produce films over a large area and be
easily scaled up to a commercial process at low cost. We also
have been working on ECD of Cu,0/ZnO heterostructures
[13, 14]. However, one of the shortcomings of Cu,O solar
cells is that the Cu,O band gap (about 2.1eV) is larger than
the optimal value (about 1.5eV) of a solar cell. Cu,O can
absorb only the light with wavelength less than 0.6 ym. Thus,
if the band gap is decreased, optical absorption of the film
and the photocurrent can be increased. Since CuO has a
smaller band gap (about 1.35eV) [15-19], we may be able
to reduce the band gap by increasing oxygen content of the
film. Recently, it was reported that the performance of the
Schottky contact of ZnO can be improved by the surface
treatment with boiling hydrogen peroxide [20]. Through the
H, 0O, treatment, a ZnO, layer is formed on the ZnO surface.
Thus one can expect that composition of Cu,O can be made
close to CuO by the H, O, treatment. In this study, we attempt
H,0, treatment of ECD-Cu,O films to reduce the band gap
and increase the optical absorption.
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FIGURE 1: (a) SEM images of the as-deposited film. (b) SEM images of the film treated at room temperature for 7 hours. (c) and (d) SEM
images of the film treated at room temperature for 24 hours (with different magnifications).

2. Experimental Procedure

An aqueous solution used for the deposition of Cu,O con-
tained 0.2 mol/L CuSO, and 1.6 mol/L lactic acid. pH of the
solution was adjusted to 12.5 by adding KOH. Cu,O was
deposited galvanostatically at 40°C with a current density
of -1mA/cm?. The sample was deposited for 10 min. The
indium-tin-oxide-(ITO-) coated glass sheets with sheet resis-
tance about 8-9 Q)/square were used as substrates. Then, the
as-prepared Cu, O thin film is dipped in H,0, (30%) for some
time. After the treatment, the sample was washed with pure
water.

The structural, compositional, and optical properties of
the films were characterized by various techniques. Profile
meter Accretech Surfcom-1400D was used to measure the

thickness of the thin film. The optical transmission measure-
ment was performed using a JASCO-570 spectrometer with
the substrate as the reference. The photoconductivity of the
film was examined by means of the photoelectrochemical
(PEC) measurement [21, 22]. The PEC measurement was car-
ried out using the three-electrode cell with saturated calomel
electrode (SCE) as a reference electrode. The deposited film
was used as a working electrode and 100 mM of Na,SO,
was used as an electrolyte. The incident light from an xenon
lamp (about 100 mMW/cm?) was irradiated on the backside of
the sample and turned off and on mechanically every five
seconds. The current was measured under application of a
ramp voltage with a scan rate of 5mV/s, first in the cathodic
bias range (from 0 to —0.5 V) and then in the anodic bias
range (from 0 to +0.5 V). The Auger electron spectroscopy
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FIGURE 2: Change of Cu/O composition ratio with depth for the as-
deposited film and the film treated at room temperature for 24 hours.
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FIGURE 4: Optical transmission of the as-deposited film and the film
treated at room temperature for various time.
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FIGURE 5: Plot of (ahv)? versus hv for the as-deposited film and the
film treated at room temperature for various time.

(AES) analysis and scanning electron microscopy (SEM)
observation were carried out using the model JEOL JAMP-
9500F at probe voltage 10kV. Argon ion etching with an
acceleration voltage of 2kV and a ion current of 2.6 yA was
used to sputter the film surface. The composition ratio was
calculated by using a standard CuO compound. Furthermore,
the X-ray diffraction (XRD) measurement was carried out
by the Rigaku SmatLab X-ray diffractometer using Cu Ko,
radiation at 40 kV/30 mA.

3. Results and Discussion

3.1. Treatment at Room Temperature. Figures 1(a) and 1(b)
show the SEM images of the untreated Cu, O thin film and the
film treated at room temperature for 7 hours, respectively, and
Figures 1(c) and 1(d) show those of the film treated at room
temperature for 24 hours (with different magnifications). The
thickness of the as-deposited film was about 0.6 ym, and
the thickness was not changed significantly by the room
temperature treatment. No significant change was observed
for the surface of the sample treated for 7 hours compared
with the untreated film. However, for the 24-hour-treated
film, we can see bumps on the surface, where adhesion to
the substrate was apparently weakened with narrow cracks
generated on the surface, as shown in Figure 1(d).

Figure 2 shows the change of Cu/O composition ratios
with the sputtering time. For the as-deposited sample, the
composition ratio of the films is 1.8. For the sample treated
for 24 hours, the Cu/O composition ratio near the surface is
close to unity, and the composition ratio was increased with
increasing sputtering thickness. Thus, the surface of the Cu,O
thin film was converted to CuO by the H, O, treatment while
the inner portion of the samples was not affected.

Figure 3 shows the XRD spectra of the as-deposited and
H,0,-treated samples. The Cu,O films are polycrystalline
and have cubic-cuprite structure with weak preferential
orientation along (111). We did not find any peaks of other
phases such as CuO even after the H,O, treatment. This
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FIGURE 6: PEC results of (a) the as-deposited film and (b) the film treated at room temperature for 24 hours.
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FIGURE 7: Optical transmission of the as-deposited film and the film
treated at 60°C for 30 min.

would be because the CuO layer formed near the surface by
the H,O, treatment is too thin or does not have crystallinity.

Figure 4 shows the comparative results of the optical
transmission of the Cu,O sample treated for 7, 16, and 24
hours at room temperature. From the figure, it was confirmed
that by extending the treatment time, the optical absorption
is increased further. The sample absorbed light of wavelength
less than 560 nm completely; the absorption edge is around
1000 nm when treated for 24 hour. Figure 5 shows the plot
of (ahv)® versus hv. The apparent band gap can be estimated
from extrapolation of a straight line part of the curve to the
photon energy axis. For the samples treated for 24 hours,
the band gap seems to be about 1.6 eV. From these results,
we can conclude that Cu,O thin films can be oxidized to
have a smaller band gap by the H,O, treatment at room
temperature.

Figure 6(a) shows the PEC measurement results of the as-
deposited sample. In the PEC measurement, the current was
measured under chopped illumination. Relative change in
the carrier concentration due to the illumination is larger for
the minority carriers than for the majority carriers, and thus

the photocurrent due to photo-generated minority carriers
is observed clearly. Thus negative photocurrent is generally
significant for a p-type sample, and positive photocurrent
for an n-type sample. For the as-deposited samples, the
negative photocurrent (under cathodic bias) and the positive
photocurrent (under anodic bias) were observed, and thus
the conduction type is close to intrinsic. Figure 6(b) shows
the PEC measurement results of the sample treated for 24
hours. The photocurrent is negative even under anodic bias.
This indicates that the treated sample exhibited clearer p-type
character.

3.2. Treatment at Higher Temperatures. As shown in the
previous section, the H,O, treatment at room temperature is
effective to modify the composition and enhance the optical
absorption, but the treatment time needs to be longer than
several hours. For the practical application, shorter treatment
time would be preferable. Thus we tried the H,O, treatment
at higher temperatures.

Figure 7 shows the optical transmission of the samples
treated at 60°C for 30 minutes. From the figure, we can
conclude that the optical absorption of the sample was not
increased by the H,O, treatment at 60°C for 30 min.

Figures 8(a) and 8(b) show the SEM images of the thin
films treated at 60°C and at 90°C for 30 min, respectively. It
can be seen that the surface of the sample was partly broken
(holes were formed) when treated at 90°C. Similar damages
were observed for the film treated at 70°C and 80°C. Thus, we
can conclude that the H, O, treatment at higher temperatures
is not useful for the modification of the film composition.

4. Conclusions

Cu, O thin films have been deposited electrochemically onto
ITO-coated glass. Then, the thin film was dipped in H,O,
(30%) at fixed temperature for oxidization. By the H,O,
treatment at room temperature for 7, 16, and 24 hours, the
oxygen content of surface was increased and the apparent
band gap of the samples was decreased. Thus this treatment
can be used to enhance optical absorption of the Cu,O films
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FIGURE 8: SEM images of (a) the film treated at 60°C and (b) the film treated at 90°C for 30 min.

for solar cell application. The samples were partially broken
by the H, O, treatment at higher temperatures (70-90°C), and
thus the treatment at low temperature is preferable.
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