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Abstract. In this research, copper oxide thin films were prepared by reactive dc magnetron
sputtering method on glass substrates with oxygen flow rate in the range of 1-10 sccm. From
XRD patterns, formation of Cu,O cubic structure or CuO monoclinic structure was controlled
by adjusting oxygen flow rate. Nanocrystallite size of the as-grown films was observed by
AFM. From transmittance spectra, direct energy gap varied between 1.97 and 2.55 eV.
Electrical conductivity and Hall effect measurements were performed on the films with van der
Pauw configuration. The positive sign of the Hall coefficient confirmed the p-type conductivity
in all studied films. Important electrical parameters of films as a function of oxygen flow rate
were observed. With low resistivity and high mobility values, the films prepared at oxygen
flow rate of 8 sccm are identified as suitable candidates for fabrication as absorber layer in
solar cell devices.

1. Introduction

Oxides of copper are well-known to show p-type conductivity and have many advantages for catalysts,
chemical sensors and solar energy conversion application. Non-toxic, economic, abundant availability
and relatively simple formation of oxide make copper oxide as an interesting material [1]. Two
common forms of copper oxide are cuprous oxide (Cu,O) and cupric oxide (CuO). A meta-stable

copper oxide, CuyOg, which is an intermediate compound between the previous two, has also reported
[1]. Cuy0 and CuO belong to cubic and monoclinic structures with band gap of 2.1-2.6 eV and 1.9-2.1

eV, respectively [2]. It has been demonstrated by varying the deposition conditions, films phase such
as Cu20, CuO and CusO3 can be obtained and this also leads to different stoichiometry for a given
phase. The optical transmittance and electrical resistivity of the films are two critical parameters in
evaluating the performance of photovoltaic cells and electrochromic devices. A variety of deposition
techniques have been employed for the growth copper oxide films. Among these thin films deposition
techniques, reactive magnetron sputtering is one of the industrially practiced techniques for preparing
of uniform films on large area substrates with required chemical composition. In this paper, copper
oxide thin films were obtained through reactive dc magnetron sputtering on glass substrates with
different oxygen flow rates. The physical properties of the films were studied in order to find the
possibility to use them in p-n junction low cost thin film solar cells.
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2. Materials and methods

The copper oxide films were deposited by reactive dc magnetron sputtering from a high purity Cu
target of 99.99% with diameter of 50 mm and thickness 3 mm. Oxygen and argon were used a reactive
gas and working gas, respectively. In order to study the effect of oxygen flow rate and eliminate the
action of sputtering pressure, the sputtering pressure was kept at 0.73 Pa, with a variation of oxygen
flow rate in the range of 1-10 sccm and an argon flow rate in the range of 12-32 sccm. A diffusion
pump was used to achieve a base pressure of 6.90x10° Pa. The substrate temperature during
deposition was not intentional controlled. Target to substrate distance was kept constant at 200 mm.
Sputtering time was 30 min. The crystal structure of these films was checked by X-ray diffraction
technique with a Brucker D 8 diffractometer using CuK,, radiation. Surface morphology was examined
by Park XE-100 AFM. The EDS spectra were recorded with a Zeiss EVO MA 10 Scanning Electron
Microscopy. Optical transmission measurements were performed with UV-VIS double beam
spectrophotometer in the wavelength range of 300-1,000 nm. FTIR spectra were performed by
Thermo Scientific Nicollet 6700 in the range between 450 and 4000 cm™. Electrical properties of the
films were evaluated by Hall effect and resistivity measurements in the van der Pauw configuration at
room temperature.

3. Results and discussion
3.1 Structural properties

Figure 1 shows XRD patterns of Cu-O films grown on glass substrates as a function of oxygen flow
rate R(O,). For R(Oy) at 1 sccm, the as-grown films showed amorphous characteristics. In contrast, the
XRD spectra of the films grown at 2 and 4 sccm showed the well-resolved two diffraction peaks.
These peaks corresponded to the reflection of (111) and (200) planes of standard JCPDS data card of
Cu20 phase (JCPDS No. 74-1230). For R(O) at 6 sccm, two diffraction peaks corresponded to the (-
111) and (111) of CuO phase (JCPDS No. 80-76). When R(O>) increased to 8 sccm intensity of (-111)
and (111) diffraction peaks decreased and then disappeared at R(O.) of 10 sccm attributed to
amorphous phase. Inadequate or excessive oxygen atoms leads the films difficulty crystallise [3]. That
is because oxygen atoms are reflected from the target and collided the substrate with appreciable
energy, thereby causing nucleation. However, too much oxygen content will decrease the presence of
Cu atoms in the vapor phase, thereby hindering nucleation. Simillar behavior was observed in TiO;
films [3], that too much oxygen content also make the films become amorphous phase.
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Figure 1. XRD patterns of Cu-O films as a function of R(O>).

AFM images of the films prepared as a function of R(O2) are shown in figure 2. The films formed
at R(O,) of 1 sccm showed isolated particles with different sizes due to a low deposition rate and
deficient O, content for reacting with Cu precusor atoms. At R(O,) of 2 sccm, AFM image showed
that the films crystallised in pillar shape with average roughness and particle size of 3.82 and of 31.25
nm, respectively. With increasing the R(O>) from 4 to 6 sccm, the surface roughness of the films with
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pillar shape decreased from 2.84 to 2.29 nm but the particle size increased from 33.20 to 36.88 nm.
However, the pyramidal shape of particles at film surface was noticed at R(O,) of 8 sccm with average
roughness and particle size of to 1.75 and of 37.10 nm. At R(O.) of 10 sccm, flattened surface with
different particle sizes in irregular shape was observed.
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6 sccm 8 sccm 16‘ vsccm
Figure 2. AFM images of Cu-O films as a function of R(O»).

3.2 Optical properties

Figure 3 shows transmittance spectra of Cu-O films obtained from various oxygen flow rates. From
the transmittance spectra, the absorption coefficient (o) was calculated using relationship of Sunds o =
(1/d)In(1/T) where T is transmittance and d is film thickness. The absorption coefficient (o) and the

incident photon energy (hv) according to Tauc relationship (ahv)2=A(hv—Eg) where A and Eg are
constant and energy gap values, respectively. The Eg can be determined by extrapolation of the linear

portion of the curve to the photon energy axis. Figure 4 shows the curve of (ochv)2 vs. photon energy
(hv) of the films obtained from various oxygen flow rates. The dependence of Eg on R(O>) of the films
in the range of 1.97- 2.55 eV is shown in figure 5. Figure 6 shows the FTIR spectra of Cu-O films as a
function of R(Oz). The nature of peaks are presented in table 2. The peaks with wave numbers of ~630

and ~770 cm? are characteristics of the stretching vibration of Cu(l1)-O and Cu(Il)-O bonds,
respectively [4,5].
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Figure 3. Transmittance of Cu-O filmsasa Figure 4. (ahv)z vs. hv plot of Cu-O films as a
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Figure 5. Variation of Eg of Cu-O filmsasa  Figure 6. FTIR spectra of Cu-O films as a
function of R(Oy). function of R(O,).

Table 1. FTIR spectra of Cu-O films as a function of R(O2).

R(O: Peak of FTIR Assignments
(sc(cm)) (cm™) Phase Vibratgion Mode [Ref.]
485 CuO Cu(II)-O [5,6]
1 630 Cu0 Cu(D)-O [4,7,8]
770 CuO Cu(II)-O [5]
1046 Cu(OH) Cu-OH [6]
) 615 Cu0 Cu(I)-O [9,10]
765,918 CuO
610 Cu,0
4 764, 905 CuO Cu(II)-O
3438 Hydroxyls of absorbed water | Stretching vibration of OH" [4,5]
6 764, 904 CuO Cu(1D)-O0
3407 Hydroxyls of absorbed water | Stretching vibration of OH"
764,907 CuO
8 1641 Surface absorbed water Bending vibration [4,5]
3495 Hydroxyls of absorbed water | Stretching vibration of OH"
764, 907 CuO Cu(1D)-O0
10 3400 Hydroxyls of absorbed water | Stretching vibration of OH"

3.3 Electrical properties

Electrical properties of the films were evaluated by Hall effect and resistivity measurements in the van
der Pauw configuration. We found that all studied films exhibited p-type conductivity. Variations of
the resistivity, carrier concentration and mobility against R(O2) are shown in figure 7. Carrier
concentration (n) was derived from the relation n=1/eRy where Ry is the Hall coefficient and e is the

absolute value of the electron charge. The carrier mobility () was determined using the relation
pu=1/nep where p is resistivity. Resistivity of the films increased from 2.01 attain maximum at

1.85x103 Q.cm with R(Oy) increased from 1 to 6 sccm and then decreased to 10.25 Q.cm when R(O3)
further increased to 10 sccm. The carrier concentration initially decreased with an increase R(Oy)
down to 6 sccm and then increased with an increase in R(O.). The variation of mobility value showed
the similar behavior to resistivity. These results indicate that the resistivity, carrier concentration and
mobility of the films are sensitive to R(O>). The films prepared at oxygen flow rate of 8 sccm revealed
a low resistivity and high mobility values. So, they are identified as suitable candidates for fabrication
as absorber layer in solar cell devices.
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Figure 7. Variations of p, p and p of Cu-O films as a function of R(O>).

4. Conclusion

The influence of oxygen flow rate R(O2) on the structural, optical and electrical properties of copper
oxide thin films grown by reactive dc magnetron sputtering was investigated. The results revealed the
structural properties of the obtained films strongly depended on R(O). The nanocrystallite copper
oxide thin films with cubic structure were formed at R(O) values of 2 and 4 sccm. Then, transition to
monoclinic structure at R(O;) values of 6 and 8 sccm was observed. Out of the above R(O;) ranges,
amorphous phase was dominant. The average particle size of the films around 30 nm was observed by
AFM. Influence of oxygen flow rate on optical and electrical properties of the as-grown films was also
investigated. These results showed a better understanding of the growth behavior and other relevant
properties of the deposited copper oxide thin films as a function of R(O2). The effect of other growth
parameters such as deposition temperature, deposition time and thickness on the optoelectronic
properties of the films will be planned to investigate in the near future.
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