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Properties of Cu,O Thin Films for All-Oxide
Solar Cells

GYE CHEOL LEE, YU SUP JUNG, AND KYUNG HWAN KIM*

Department of Electrical Engineering, Gachon University, Seongnam,
Gyeonggi, Korea

In this work, p-type Cu;O thin films deposited by RF magnetron sputtering for Cu,O
based all metal oxide solar cells were studied as a function of oxygen partial pressure
ratio at room temperature. The Cu,O (111) x-ray diffraction peaks were indicated as
a function of oxygen partial pressure ratio. Optical band gap energies of as-deposited
Cu,O thin films ranged from 1.88 to 1.96 eV as a function of oxygen partial pressure
ratio. The resistivity and mobility of the p-type Cu,O thin film with an oxygen partial
pressure ratio of 2.4% was 2 x10* Q-cm and 15.1 cm?/V-s, respectively.

Keywords Cu,0; RF magnetron sputtering; oxygen partial pressure ratio

Introduction

Common forms of copper oxide are cuprous oxide (Cu,0), cupric oxide (CuO), and
paramelaconite (CusO3) [1-3]. The Cu,0 is a p-type metal oxide semiconductor with
Cu vacancies [4,5]. The p-type Cu,0 has been studied for many applications such as the
absorption layer of metal oxide solar cells, the channel layer of thin film transistors, and
gas sensors. As the absorption layer of metal oxide solar cells, p-type Cu,O has many
advantages such as low cost, non-toxicity, high Hall mobility, 2.1 eV direct band gap,
high minority carrier diffusion length, and high optical absorption coefficient (>10°) in
the visible region [6-8]. In addition, theoretical light conversion efficiency of Cu,O-based
metal oxide solar cells is about 20% [9—11]. The deposition of Cu,O thin films have been
investigated by thermal oxidation, electro deposition, thermal evaporation, sol-gel, spray
pyrolysis, chemical vapor deposition, molecular beam epitaxy, plasma deposition, pulsed
laser deposition, DC reactive sputtering, and RF magnetron sputtering [12-28]. Among
them, RF magnetron sputtering has many advantages such as easily controlled material
composition and film thickness uniformity. Despite these advantages, the Hall mobility
of Cu,O thin films showed low values below 10 cm?/V-s [29]. In this study, we aim to
fabricate an optimal and high mobility (above 10 cm?/V-s) p-type Cu,O semiconductor
structure using RF magnetron sputtering as a function of oxygen flow rate.
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Experimental Details

Deposition of Cu,0 Thin Film

The Cu,O thin films were deposited on glass substrates by RF magnetron sputtering using
a Cu, 0 ceramic target (purity 99.9%, 2 inch, LTS Inc.). The vacuum chamber was initially
evacuated to 2.6 x 10~ Pa using a turbo molecular pump. The working pressure was
maintained at 0.65 Pa (5 mTorr). The oxygen partial pressure ratio [(O,/(Ar 4+ O;))x 100]
was controlled by using mass flow controllers (MFC). The Ar gas flow was alternated
between 8 and 10 sccm. The O, gas flow was alternated between 0.1 and 0.7 sccm. The
ratio of oxygen flow, denoted as PO;, was varied from 0% to 6.54%. The detailed sputtering
parameters are shown below in Table 1.

Film Characterization

The thicknesses of the Cu,O thin films were measured using a surface profilometer (KLA-
Tencor, Alpha-step D-100). Crystallinity of Cu,O thin films were examined by X-ray
diffraction (XRD, D/MAX-2200, Rigaku) with a Cu Ko radiation (A = 1.5418 A) X-ray
source at 40 kV and 20 mA over the scanning angle (26) from 20° to 80°. The surface
resistivity was measured by using a four-point probe (AIT Co., Ltd., CMT-SR1000N). The
optical properties were measured by UV/vis spectrometry (Hewlett-Packard HP8453). In
addition, the electrical conductivity, carrier concentration, and mobility were measured by
using a Hall effect measurement system (HMS-3000, Ecopia).

Results and Discussion

The thicknesses of the Cu,O thin films were fixed at 1 um. Figure 1 shows XRD diffraction
peaks of the Cu,O thin films as a function of oxygen partial pressure ratio. Diffraction
peaks of as-deposited Cu,O thin films with oxygen partial pressure ratio from 1 to 2.4%
indicated the Cu,O (111) peak. Diffraction peaks of as-deposited Cu,O thin films with
oxygen partial pressure ratio after 3.2%, indicated the CuO (002) peak. The absence of this
peak with oxygen partial pressure ratio of 0 may have been due to evacuation of ionized
oxygen before it reached the substrate. In the work of Noda et. al., the XRD patterns of thin
films deposited at oxygen partial pressure ratio from 2.5 to 4% did not include the CusO;
(202) peak in this paper [30]. Figure 2 shows the optical absorbance spectrum of Cu,O thin
films deposited at PO; of 1, 2.4, 3.2, 4.7, 5.6, and 6.5%. Absorbance of all the films was
over 10% below 550 nm. Figure 3 shows the optical transmittance spectrum of Cu,O thin
films deposited at the same PO, values as in Fig. 3. Transmittance of all the as-deposited
films was 0% from 300 to 700 nm, regardless of the oxygen partial pressure ratio. The

Table 1. Sputtering parameters

Target Cu,0 (99.9%)

RF power 100 W

Substrate Glass

Substrate temperature Room Temperature
Oxygen partial pressure ratio #202 x 100 0~6.5%

Thickness 1 um
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Figure 1. Variation in crystalline phase of sputter deposited films with changing PO, using
Cu, O target.

opacity of the thin films decreased with increasing PO;. Figure 4 shows the optical band
gaps of all the Cu,O thin films. The relation between the absorption coefficient («) and the
photon energy (hv) can be determined by Equation below [31].

(ahv) = A/(hv — Eg) (1

20
1%
——24%
——3.2%
4.7%
5.6%
_ 6.5%
S
z
0 .- e e ——
L 1 L 1 " 1 " 1 " 1 L
500 600 700 800 900 1000 1100

Wavelength [nm]

Figure 2. Variation in optical absorption spectra of sputter deposited films with changing PO, using
Cu, O target.
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Figure 3. Variations in optical transmittance spectra of sputter deposited films with changing PO,
using Cu,O target.

Where A is a constant and Eg is the optical band gap of the material. The optical band gaps
of Cu,O0 thin films deposited at different PO, values from 1.0 to 3.2% were calculated as
2.02t0 2.06 eV, and 4.7~6.5% were calculated as 1.92 to 1.96 eV. The optical band gap of
theoretical Cu,O material was reported to be 2.1 eV. However, the observed optical band
gaps of Cu,O thin films in this study were smaller than 2.1 eV. The results we obtained is
similar to typical value that reported in previous researches. At the conditions of oxygen
partial pressure ratios used, the Cu,O thin films may have contained some amount of CuO
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Figure 4. Tauc plot of absorption coefficient & of Cu,O target-based films.
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Figure 5. The electrical sheet resistance of Cu,O thin films and CuO thin films.

in their crystal structure owing to the low density of oxygen. The band gap of CuO is
approximately 1.3-2.0 eV [32,33], which could lower the bulk band gap of a film from the
2.1 eV theoretical band gap of Cu,O. The Hall mobility depended on the oxygen flow rate.
Figure 5 shows the electrical sheet resistance of Cu,O thin films and CuO thin films. As
the oxygen partial pressure ratio increased, the resistivity decreased. The suggested cause
of the decrease in resistivity was an increase in Hall mobility. Figure 6 shows the Hall

Hall mobility [em?/Vs]
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Figure 6. The mobility of Cu,O thin films as a function of oxygen flow rates.
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mobility of Cu,0O thin films and CuO thin films. At the small PO, region below 2.4%,
the hall mobility of Cu,O thin films were increased with increment of the oxygen partial
pressure ratio. The crystalline domain size was calculated from the width of XRD peaks
using Scherrer’s equation [34].

D = KA/BcosH (2)

where D is the average crystalline domain size, 8 is the full width at half maximum
(FWHM), K = 0.94, A = 1.540598 10\, and 0 is the diffraction angle. The Cu,O thin films
deposited at an oxygen partial pressure ratio of 1% were found to have the largest particle
size.

Conclusions

The p-type Cu,O thin films were deposited on glass substrates by RF magnetron sputtering
with Cu,O ceramic target as a function of oxygen partial pressure ratio. The Cu,O(111)
diffraction peaks were strongly indicated with oxygen partial pressure ratio of 2.4%. The
optical band gap energy of Cu,O thin film with oxygen partial pressure ratio of 2.4%
indicated 1.93 eV. The resistivity and mobility of p-type Cu,O thin film indicated 2 x 10*
Q-cm and 15.1 cm?V-s with oxygen partial pressure ratio of 2.4%. In our results, as-
deposited p-type Cu,O thin films with oxygen partial pressure ratio of 2.4%. Achieved an
optimal structure and higher mobility than other oxygen partial pressure ratio.
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