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Obtaining microparticles of Cu2O by means
of a pulsed discharge of CH3CH2OH-N2
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CH3CH2OH-N2 plasma mixture was used to synthesize cuprous oxide (Cu2O) micro-particles in a pulsed DC sputtering system, using a
ethanol pressure of 1.5 Torr and a current of 400 mA at a frequency of 30 kHz. The plasma mixture was used successfully to obtain the
micro-particles of Cu2O using a copper (Cu) target and a stainless steel substrate. The Cu2O products are characterized by the scanning
electron microscope (SEM), the results show that the morphology of the Cu2O microparticles have a spherical shape which are randomly
distributed on the stainless steel substrate. Raman results show that from the CH3CH2OH-N2 plasma mixture it is possible to obtain one
of the Cu oxidation phases which corresponds to Cu2O due to the fact that within the sample analyzed by means of Raman it is possible to
observe only the peaks that correspond to the Cu2O phase. The analysis by energy dispersive spectroscopy (EDS) serves to determine the
stoichiometric balance present in the substrate, from which the presence of the characteristic peaks of stainless steel was confirmed, along
with the characteristic peaks of Cu and O which exhibit an atomic ratio of 2:1 respectively. Atomic force microscopy (AFM) was used to
again determine the morphology of the microparticles, finding a spherical morphology. In addition, the value of roughness and grain size was
determined, finding values of 20 nm and 45 nm respectively. The images 3-D show the presence of peaks and valleys within the substrate
and an non-homogeneous distribution of spherical micro-particles on the surface of the stainless steel.
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1. Introduction

Copper is considered a transition metal with a face-centred
cubic structure and a melting point of 1085oC. When Cu ox-
idized, it can form several phases such as tenorite (CuO),
cuprous oxide (Cu2O) , Cu(OH)2, Cu2O3 and paramelaconite
(Cu4O3) [1, 2], with CuO and Cu2O being particularly the
most stable phases which have been widely studied due to
their electronic characteristics that they carry. Both oxides
are p type non-stoichiometric semiconductors, which have
a direct band-gap of 2.0-2.2 eV for Cu2O and of approxi-
mately 1.5 eV for CuO. These properties make these phases
have a variety of applications in devices in the form of a
thin film, mainly in the manufacture of solar cells [3] and
lithium-ion batteries, although their applications not only re-
main there. They can also be used in manufacturing of chem-
ical sensors [4], photo-catalysts [5], capacitors [6], among
others. Copper oxides are an attractive material for these
applications due to their non-toxicity, low cost and the easy
availability of raw materials. Currently are implemented di-
verse methods for the synthesis of these oxides mainly for
Cu2O in which have been used methods such as electrode-
position [7], thermal oxidation, synthesis wet chemistry [8],
spin coating [9], reduction of cupric salts [10] and the im-

plementation of plasmas to obtain these oxides, mainly the
Sputtering method [11], from which a diversity of morpholo-
gies can be obtained, such is the case of micro-spheres, oc-
tahedral, cube-octahedral, hexapoids, rhombic dodecahedra,
laminae and plates [12–19], whether synthesized by physi-
cal or chemical methods. Physical deposition methods have
gained ground because it is a low-cost method with which
good results can be obtained, besides that physical param-
eters can be controlled (pressure, current, sputtering power,
substrate bias voltage and target materials). The most used
physical method for the synthesis of Cu2O is Sputtering,
ranging from its simplest configuration (DC) to the most so-
phisticated configuration, Magnetron Sputtering RF. Plasma
deposition or activation can also be used for the grafting of
different groups of surfaces, as is the case of COOH and OH
through a source containing Hydrogen and Oxygen (air, hy-
drocarbons, etc.) [20–23], mixing it with a plasma containing
Nitrogen: N2, NH3, N2/H2 [24,25]. This work reports the re-
sults obtained in a CH3CH2OH-N2 plasma mixture generated
from a pulsed discharge using the simplest Sputtering config-
uration at a pressure of 1.5 Torr and a current of 400 mA at
a frequency of 30 kHz, using a Cu target and a stainless steel
substrate (alloy iron, zinc and lead) separated at a distance of
40 mm for 60 minutes. The concentrations used to generate
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the mixture were 80% CH3CH2OH and 20% N2. The prod-
ucts obtained were analysed by Raman spectroscopy. The
morphology was analysed by SEM and AFM. In addition the
concentration of each element was analysed by EDS, from
which can conclude the obtaining of the microparticles in
spherical form of Cu2O.

2. Experimental setup

Cu2O microparticles were deposited via a pulsed DC sputter-
ing system (Fig. 1) consisting of a cylindrical stainless-steel
chamber 33 cm long, 20 cm in radius, and with a volume
of 1.04 × 103 cm3. As in all Physical Vapour Deposition
(PVD) techniques, the base vacuum is very critical, which is
why the equipment consists of a vacuum system formed by a
rotary vane mechanical pump that reaches a pressure on the
order of1.0 × 10−3 Torr. The system consists of 2 mobile
electrodes in which the target and the substrate are placed,
the target is made of Cu (High-purity 99.9%) with a diam-
eter of 5 cm and 3 mm in thickness and the stainless steel
(Zn, Fe, Cr, S) substrate with a diameter of 6 cm, placed in
the center of the vacuum chamber with a separation space of
4.0 cm. These are connected to two electric feedthroughs,
which are connected to a power supply, consisted of Pinna-
cle Plus+ generators, which delivered DC power in a puls-
ing configuration to enable reactive sputtering. The gas flow
within the system is regulated by a flow meter (Matheson Tri.
GasFM-1050), which also helps us to control the concentra-
tions of gases within the system, with a proportion of 80%
CH3CH2OH and 20% N2 at a constant flux of 1.25 LPM.

To generate plasma, the vacuum chamber is evacuated
with a mechanical pump until achieving a base pressure of
2× 10−1 Torr; next, it is filled with gases (CH3CH2OH-N2),
and finally, the discharge was generated by applying a pulsed
current of 400 mA at 550 V, with a power of 120 W between
two electrodes. Figure 2 shows the voltage (550 V) and cur-
rent (400 mA) signal applied within the discharge. The black
line represents the behaviour of the voltage and the red line
corresponds to the current applied during the discharge.

CH3CH2OH is used with the intention of giving an appli-
cation to its reformation and thus being able to take advan-
tage of the species present within the plasma, such is the case
of the O atoms, which are the cause of forming one of the

FIGURE 1. Experimental setup.

FIGURE 2. Voltage and current output waveforms.

oxidized phases of Cu, in the case of the implementation of
N2, it is with the intention of being able to stabilize the dis-
charge [20–23]. The plasma mixture generated in the pulsed
DC Sputtering reactor forms sheaths around the electrodes
which are composed of low electron density, the substrate
in the sheath generated by the plasma is bombarded with
flow of ions and neutral species from the dissociation of
CH3CH2OH, which can dissociate and form OH species as
demonstrated in Refs. [26, 27]. These OH species can in-
teract with the electrons generated by the sheaths which can
break the O-H bonds [28] generated by the dissociation of
CH3CH2OH and thus take advantage of the O species, which
can react with the surface of the substrate and the species
of the Cu target which are released by the interaction of the
plasma with its surface to form the Cu2O microparticles on
the surface of the stainless steel. The bond structure and
micro-structure of the thin films were investigated using Ra-
man spectroscopy (micro-Raman, LabRam HR-800 system).
Raman measurements were recorded using a He-Ne laser,
which was focused using a 50X lens, during the measure-
ments, 60 recoded data were collected every 60 s. SEM (Jeol
IT-100 coupled to a Bruker X-Ray microscope) and AFM
(EasyScan 2 Flex AFM) were used to determine the thin-
film morphology. The SEM microscope was operated in high
voltage mode with an accelerating voltage of 20 kV. EDS is
used with the intention of verifying the stoichiometric bal-
ance present within the analyzed sample.

3. Results and discussion

In this work, a Cu disk was used as a target for the growth
of Cu2O microparticles on the surface of stainless steel. The
discharge generated by DC sputtering pulsed was carried out
for 60 minutes, using CH3CH2OH with the intention of tak-
ing advantage of the OH radicals coming from its dissocia-
tion, and thanks to the energy inside the plasma, the bonds
present can be broken in the OH radicals and to be able
to generate O atoms, which can be used to interact with the
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FIGURE 3. Raman spectra microparticles spherical of the Cu2O.

Cu atoms that are detached from the target with the intention
of growing the microparticles on the surface of the stainless
steel. Thickness and morphology depend on the gas pres-
sure, sputtering time, voltage and current used to generate
the discharge and thus be able to start the atoms from the sur-
face of the Cu which when detached, are carried towards the
substrate by medium of the species involved to generate the
plasma. SEM studies were carried out on the substrate to ob-
serve the formation of adhered Cu2O structures and thus cor-
roborate the existence of microparticles. The EDS analysis
demonstrates the stoichiometry of Cu and O present within
the analysed sample. The analysis by Raman spectroscopy
demonstrates the structure formed of the Cu2O microparti-
cles obtained and the AFM analysis corroborate the results
obtained by SEM which can be seen to observe its topogra-
phy, which shows a non-continuous surface on the substrate
also showing the morphology of the Cu2O microparticles.

Figure 3 shows the Raman spectra of the Cu2O micropar-
ticles synthesized using a CH3CH2OH-N2 plasma mixture at
a pressure of 1.5 Torr. The spectrum shows different Raman
lines at 109, 154, 218, 296, 436, 515, and 638 cm−1.

The mechanism of formation of the microparticles con-
sists of the production of individual atoms from the gener-
ated plasma, the subsequent conglomeration of the atoms and
the formation of the microparticles, between the steps of for-
mation of atoms and the conglomeration there is an interac-
tion between the atoms coming from N2 and CH3CH2OH
species. At this point it is possible the formation of radicals
and species that may or may not be stable, such is the case
of hydroxyls, oxygen and hydrogen radicals, which are capa-
ble of interacting with the atoms coming from the target (Cu)
and form one of the Cu oxidized phases. The peak 109 cm−1

corresponds to an inactive Raman mode in the sample due to
alteration in the crystal system. The peak at 154 cm−1 corre-
sponds to an infra-red (IR) Raman mode which is determined
by the electron-phonon coupling force, notably depending
on the grain size of the microparticles grown on the sample.

TABLE I. Raman Shift and observed peak assignments.

Peakcm−1 Assignment

109 Γ−12
154 Γ

(1)
15 (LO)

218 2Γ−12
296 2Γ

(1)
15

436 4Γ−12
515 T2g

638 TO

Its intensity will depend on the grain size. The peak in-
tensity increases rapidly with increasing grain size [29, 30].
The electron-phonon coupling in microparticles is weakened
with decrease in size due to the decrease in the density of
states for both the electrons and the phonons [31]. The peak
at 218 cm−1 is sharp and intense, which indicates the high
structural crystallinity of the microparticles synthesized on
stainless steel. In the spectrum, a less intense peak is ob-
served at 296 cm−1 which is attributed to the Ag mode of
the CuO phase. The only allowed Raman phonon mode of
Cu2O is observed at 515 cm−1 which is also known as the
active Raman T2g mode of Cu2O, the Raman active modes
of Cu2O are due to the relative motion of oxygen atoms and
the band at 638 cm−1 is attributed to the TO phonon mode.

3.1. SEM analysis

The morphology of the Cu2O microparticles were analysed
by SEM as shown in Fig. 4; a) shows the agglomerations of
the Cu2O microparticles grown on the stainless steel surface
at 10 µm, of which small randomly scattered dots are ob-
served on the deposited surface. A more definite form of the
Cu2O microparticles, presenting a spherical morphology, can
be observed in Fig. 4b). The agglomerations observed by the
micro-graphs can cause the formation of long islands which
can be generated thanks to the formation of the microparticles
in spherical form on the surface of the stainless steel which
the distance of separation varies one with respect to the other
as can be seen in 4c), which can cause the analyzed surface
to look like an island.

The possible mechanism of formation of microparti-
cles can be explained as follows: first, Cu2+ reacts with
enough OH- species which comes from the dissociation of
CH3CH2OH [27,32]. In the synthesis process, the formation
of the copper species reduces the concentration of free Cu2+

ions in the plasma mixture, which promotes slow growth of
Cu2O particles. A slow formation rate leads to separation
of the nucleation and growth process, which is important for
high-quality crystal synthesis. Then, at an elevated temper-
ature inside the reaction chamber, it allows the complex to
react with the OH- generated in the plasma to form Cu2O
nuclei. In the next step, the small Cu2O particles aggregate
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FIGURE 4. SEM micrographs of the microparticles spherical produced by CH3CH2OH-N2 plasma, a) 10, b) 5 and c) 1µm.

FIGURE 5. 2-D a) and 3-D b) images of the microparticles of Cu2O obtained by AFM.

to form microparticles and due to the minimal energy needed
to form spherical geometries these grow into spherical Cu2O
microparticles, which has demonstrated by means of Raman
spectroscopy that there is a presence of crystalline phases
within the analysed samples [32].

3.2. AFM analysis

Figure 5 presents the images obtained by AFM on the stain-
less steel surface showing the morphology of the Cu2O mi-
croparticles. In Fig. 5 aggregates of spherical particles can
be observed, from where it is possible to see the formation
of planes and valleys as can be seen in the 3-D images. The
roughness of the film samples of the present study are anal-
ysed by using Scanning Probe Image Processor (SPIP) soft-
ware. The value obtained for the roughness according to the
results obtained by SPIP was 20 nm and a grain size of 48 nm,
from which for frequencies around 30 kHz a more homoge-
neous distribution of spherical microparticles on the surface
can be expected of stainless steel [34]. That is why in the 3-D

images it is possible to appreciate that the difference between
the peaks and valleys caused by the distribution of the mi-
croparticles and the non-orientation of these is minimal one
with respect to the other. Studies have shown that for fre-
quencies greater than 80 kHz the difference is notable be-
tween valleys and peaks, which causes a significant increase
in roughness [34, 35]. The 2-D images demonstrate the for-
mation of the microparticles in spherical form with a non-
homogeneous distribution and the separation distance varies
one with respect to the other as a consequence of their ag-
glomeration and their non-orientation.

3.3. EDS analysis

Figure 6 shows stoichiometry of the film obtained thanks to
the microparticles of Cu2O. The samples were analyzed by
EDS in different areas to corroborate only the existence of
atoms of Cu, O and stainless steel (iron, zinc, chromium and
sulphur).

Rev. Mex. Fis.70011006



OBTAINING MICROPARTICLES OF CU2O BY MEANS OF A PULSED DISCHARGE OF CH3CH2OH-N2 5

FIGURE 6. EDS spectra of the Cu2O thin films with atomic ratio
of 2:1.

TABLE II. Percentage of atoms in the analysed sample.

Element Atom [%] Atom [ %] Atom [ %]

10µm 5µm 1µm

Cooper 38.10 39.21 41.01

Oxygen 17.24 19.45 19.30

Zinc 41.30 38.49 36.13

Iron 0.51 0.58 1.01

Chromium 2.10 2.03 2.14

Sulphur 0.76 0.24 0.41

Table II shows the percentage of species present within
the analysed sample. The EDS spectra (Fig. 6) clearly
demonstrate the presence of only peaks corresponding to Cu,
O and the stainless steel elements (Zn, Fe, Cr, S). The ob-
served atomic ratio is 2:1, as can be seen in Table II between
the elements Cu and O, which corroborates the presence of
the Cu2O phase owing to the CH3CH2OH-N2 plasma mix-
ture.

4. Conclusions

In summary, spherical Cu2O microparticles were success-
fully grown on a stainless steel substrate using a Cu blank,
by PVD technique in its pulsed Sputtering form, with a
CH3CH2OH-N2 mixture. The dissociation of CH3CH2OH
within the discharge is taken advantage of, because when the
molecule dissociates we can find the formation of OH radi-
cals, the OH bonds within the plasma can be broken to take
advantage of the O atoms, which can interact with the surface
of the target, which are capable of expelling the Cu atoms
that, when interacting with the O atoms, can react and form
the Cu2O phase deposited on the surface of stainless steel in
the form of spheres. The results show that the Cu2O oxidized
phase can be produced and it has been confirmed by Raman
and EDS analysis, of which is obtained an atomic ratio of
2:1 between the elements Cu and O, which corroborates the
presence of Cu2O. The SEM and AFM results show the mor-
phology of the grown structures which can be observed that
for each case they present a spherical shape, the SEM ana-
lyzes show agglomerations of spherical microparticles while
the AFM results again show the spherical morphology of the
microparticles, where the formation of valleys and peaks can
be seen. The roughness value and the grain size is determined
by SPIP which gives the results of 20 nm for the roughness
and a grain size of 45 nm, therefore the implementation of
the plasma mixture of CH3CH2OH-N2 can be an option to
be able to generate Cu2O microparticles.
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