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Synthesis and characterization of CyO thin
films obtained from a CO,-N, plasma mixture
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In this study, a C@ N» plasma mixture was used to synthesize Guhin-films oxides metallics in a pulsed sputtering system. The plasma

was generated using a percentage dfl800,-20% N between two copper (Cu) electrodes. The,Owbtained were characterized by

Raman spectroscopy, with the intention of detecting the bonding structure of the deposited thin films, while scanning electron microscopy
(SEM) and atomic force microscopy (AFM) were used to study the surface morphology of the thin film. Dispersion Analysis (EDS) was
conducted to determine the stoichiometric equilibrium present in the sample and X-ray diffraction (XRD) was used with the intention of
determine the phases presents and their crystallographic orientation of 4#fe Toe plasma characterization was performed during the
deposition process using optical emission spectroscopy (OES), and the influence of the deposition process parameters on the chemic:
fragmentation of species present in the plasma was determined. The Raman results confirm the prese@célofsCand SEM analysis

showed an irregular surface on the Cu substrate, forming a non-homogeneous surface. The morphology observed through AFM indicatec
that the thin films grew as islands, corroborating the generation of amorphous structures grown on the Cu surface. EDS analysis confirmec
the presence of only copper and oxygen in the sample and XRD shows only the distinctive diffraction peal3,iwkreas OES spectra
confirmed the dissociation of GQwithin the plasma, allowing for the presence of oxides within it.
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1. Introduction methods that can be very expensive and difficult to achieve.
In recent years, the use of physical deposition methods to
In recent years, the implementation of cuprous oxide,@u obtain CQQ has 'been implemented because_it is a Iow—cpst
in the synthesis and characterization of new materials ha@€thod, with which good results can be obtained and which
aroused great interest due to its various applications i§&n control physical parameters (pressure, current, sputtering
the fields of spintronics [1-3], optoelectronics [4], nano-POWer, p_ole_lrlzatlon vqltage of the substrate and_ target mate-
electronics [5], photovoltaics [6], and photo-catalysis [7, 8]__r|als)._ Within the physmal methods used to obtain this phase,
The characteristics of these new materials allow them to b Which we can find uses of plasmas, the best-known method
implemented in the fabrication of various devices [9,10]. Thefor the generation of this material using plasmas is known as
use of CyO in optoelectronic devices has gained momen-SPUttering [16,17]. Thls work reports the results obt_auned in
tum because it is a semiconductor oxide with natural p-typé €C:-N2 plasma mixture generated from a pulsed discharge
conductivity. Among the large variety of semiconducting ox- YSIN9 the simplest sputtering configuration at a pressure of 1
ides, CuO has a cubic structure where the"Cions occupy T_orr, a current of 500 mA, and a frequency of 35 kHz. The
the central face and the0 ions form body-centered cubic discharge was generated between the.two Cu electrodes sep-
structures, featuring a direct band structure with bandwidtrfrated at a distance of 30 mm for 60 minutes. The concentra-
of 2.1 eV [11], characteristics that can be approved for pholions used to generate the mixture weré800, and 206
tovoltaic and optoelectronic applications. The interest generN2- The products obtained were analysed using Raman spec-
ated around the structure of gD within the area of material 10Scopy. The morphology was analysed by SEM and AFM;
science at a theoretical and experimental level lies in the fadf! addition, the concentration of each element was analysed
that CuO has a high absorption coefficient, in addition to Vi@ EDS, and OES was used with the intention of analysing
the fact that its production is relatively economical, and it isth® parameters of the plasma, such as the electron tempera-
non-toxic. ture (T.) and the electron density {}; as well as the atomic

. . reactions and major molecules within the plasma, for which
Some of the methods implemented to obtain,Glare J P

" Lo the results corroborate the generation of thin films of@Qu
by means of electrode position [12], thermal oxidation [13], etal oxides g ¢
wet chemical synthesis [14], and pulsed laser deposition [15], '
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analysis (Sec. 3.4). Powers lower than 100 W resulted in
negligible deposition rates, while powers higher than 200 W

Flow meter | €02 —pli-

.
— {” . ] : generated rougher surfaces, likely due to excessive ion bom-
R " Blectrodes #f|Pirani pressure sensors bardment, according to preliminary SEM observations; this
computer Ocean optics systems ——> U ! "l ST H H H
LN power supply suggests that 140 W is adequate to generate reactive species
L_‘H without damaging the substrate.
The intention of generating the plasma at 1 Torr is be-
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cause at these pressures there is a greater mobility of the ions
for the formation of thin films of CpO. This is due to the
fact that there is a balance between the low gas density that
reduces the collision frequency and the density sufficient to
maintain a stable plasma. This combination allows the ions
to move with less interference towards the substrate, result-
ing in a more efficient deposition and a better quality of the
thin film.

Then, the C@-N, mixture gas is ionized and accelerated
A schematic illustration of the system used for the deposiby the electric field produced by the electrodes, forming an
tion thin films of oxides metallics is shown in Fig. 1 [18]. energetic ion beam that provides both sputtering ions and re-
The system used was operated at a current of 500 mA, a volacting oxygen precursors. A Cu disk was used as a substrate
age of 600 V, and frequency of 35 kHz with a power of 140for the growth of CgO films, and the pulsed discharge was
W between two electrodes, these parameters were generatpedrformed for 60 min. The deposition time of 60 min was
from the Pinnacle Plus+ source, which delivered DC poweichosen based on previous experiments, which showed that
in a pulsing configuration to enable the reactive sputteringhis duration allows the formation of films with a sufficient
of the plasma generated between two Cu electrodes (highhickness £ 100 — 200 nm), where the amount of Cu de-
purity 99.9%), 5 cm in diameters and a thickness of 3 mm, posited is enough to form a continuous and uniform film on
placed in the center of the vacuum chamber with a separdhe substrate. If the time were too short, the film could be
tion of 30 mm. The pressure used to generate the plasmaery thin or incomplete. If the time were excessively long,
was a work pressure 1 Torr. Prior to deposition, the subunwanted layers could form or the quality of the copper oxide
strates were mechanically polished with fine-grit sandpapecould be altered by effects such as over-oxidation. Therefore
(up to 1200 grit) and cleaned in acetone and ethanol eaclthe 60 min. ensures that the £ deposition is carried out
During the deposition process, the substrate was not intenn a controlled manner, allowing the plasma to react properly
tionally polarized, and its temperature was not actively conwith the copper and form the GO phase efficiently. C®
trolled, remaining close to room temperature 25 °C) due  was used in our work as a source of oxygen atoms, with the
to the power used (140 W) and the duration of the process (6ibitention of examining how this gas can be used in differ-
min.), which was determined through Pirani pressure sensoent ways because, in recent years, capture technologies have
(MKS, model 103170027SH). In addition to this, the concen-been developed to recycle, reform, or eradicate it. Within
tration of each gas within our system was regulated by meanis, it can be seen that plasma technology is a good candi-
of a flowmeter (Matheson Tri. GasFM-1050). For OES mea-date for this particular issue because it is a clean and efficient
surements, an Ocean Optics FLAME-T-UV-vis spectrometetechnology, in addition to being easily accessible and eco-
was used in a spectral range 200-1100 nm, with a resolutionomical. The plasma energy must be sufficient to brake the
of 0.75 nm (FWHM), and the data were obtained with a stepC=0 bonds, thus generating CO and O as by-products in the
of 0.35 nm. system. These can be used because they can react with the

High-purity CO, (99.9%) and high-purity N (99.9%) surfaces that are in contact (in our case Cu) and form struc-
were both used as the sputtering ion source, which bomtures in the oxidation phase. Within our work, the O atoms
bards the target. The ratio of the mixture wa¥s CO, to  are responsible for causing the {uphase since these are
20% N, at a constant flux of 1.50 LPM. To generate plasmathe ones that interact on the Cu surface. The intention of us-
the vacuum chamber was first evacuated with a mechanicatg the CQ-N, mixture for film growth is because this mix-
pump until a base pressure Bfx 10~2 Torr is reached; ture can provide a chemical environment which favors the
next, this was filled with an CON, mixture gas at 1 Torr, formation of (CyQO). CO, acts as an oxygen source in the
and discharge was generated by applying a pulsed currefarmation of oxides, while B can stabilize reactive plasmas
(500 mA at 600 V and 140 W) between two electrodes. Theby reducing arcing and improving plasma homogeneity [19].
power of 140 W was selected based on previous experimenihe use of CQ also allows for more precise control of the
and earlier studies [18], which indicated that this power pro-oxygen ratio in the plasma. This is crucial for {&ugrowth,
vides an optimal balance between plasma density and reaas the oxygen ratio directly affects the structural and electri-
tive species energy, allowing effective ionization and dissocical properties of the thin film. Too much or too little oxygen
ation of CQ to produce oxygen atoms, as confirmed by OEScan lead to the formation of other compounds or to inferior

!
y
L
Mechanical pump[

FIGURE 1. Experimental system.

2. Experimental setup

2.1. Plasma Source
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film quality, and the use of COQand N, in the plasma can SEM studies were carried out on the substrate to observe
result in a more energy-efficient process compared to othehe formation of adhered GO structures and, thus, corrobo-
gases, such as pure oxygen, which may require more energgte the existence of data structure. The EDS analysis demon-
to ionize. This can translate into lower operating costs and atrates the stoichiometry of Cu and O present within the anal-

more sustainable process. ysed sample; the Raman spectroscopy analysis and the AFM
analysis demonstrate that the structure formed of thgOCu
2.2. Raman analysis obtained corroborate the results obtained by SEM, showing

the topography, which shows a non-continuous surface on
Raman spectra were obtained using micro-Raman, LabRathe substrate. This also shows the morphology of theGCu
HR-800 system (Horiba Jobin Yvon, Kyoto, Japan) to de-thin films. The results obtained through OES demonstrate the
termine the bond structure and microstructure of the thirdissociation of CQ, finding O atoms, and showing that the
flms. Raman measurement were recorded using a He-Nelasma contains the necessary energy to break the chemical
laser @ = 632 nm), which was focused using a 50X lens. bond of CQ, which is> 5.5 eV/molecules because it is the
During the measurements, 60 recoded data were collected egnergy necessary to break said bond.
ery 60 s.

3.1. Raman spectroscopy

2.3. SEMand EDS analysis Raman spectra from 100 to 1200 thnare shown in Fig. 2.

. . The Raman spectrum shows the peaks corresponding to
The morphology and elemental composition were studied us- .
: i ! cuprous oxide (Cx0O) structures [20], where the peaks ob-
ing a Jeol IT-100 scanning electron microscope coupled to a 7 .
: ) Served at 79 cm' corresponded to a deformation bam)l (
Bruker X-Ray microprobe (Bruker Corporation, USA), op- .
for Cu-Cu-O atoms, confirming the presence of metal-metal

2 secondary election signal was sed (o determined the (g4 250, i the bond between Cu and O, the peaks 109
cm~! (I'},) and 154 crmt (F%)(LO)) correspond to an inac-

of thin film generated, in addition to the elements that Weret. R q d an infrared (IR dei foct i
present in our analyzed sample. ive Raman mode and an infrare (IR) mode in perfect crys
tals of CyO, respectively.
In the spectrum we can also observe an intense peak at
218 cnr!, which is the second-order overtoB€,. Ad-

. ditionally, a second-order overtone is detected at 308cm
AFM (EasyScan 2 Flex AFM) was used to determine the Irl(l)_ Y v !

L - 21';7; a fourth-order overtone4I';, in 436 cnr'!; an al-
thin-film morphology of the thin fl!ms g.enerated and, thus’lowed Raman model'J., in 515 cnr!. At 635 (TO) and
the surface roughness of the obtained films.

665 (LO) cnT!, an allowed red mode is observﬁé?, and

a second-order combinatic@ﬁi? + Fg?] at 820 cnr!. Ad-
ditionally, it should be noted that the predominance of the vi-
bration mode in 218 cm' indicates the high structural qual-
ity of the synthesized sample [21-28], and the peak at 515
cm~! is the only instance that is due to the Raman active
ode () [29-31].

2.4. AFM analysis

2.5. XRD analysis

X-ray diffraction (XRD) measurements were performed with
an X-ray diffractometer (XDR, Bruker D8 Advanced) with a
radiation of Cu Ky radiation of 1.5456 nm, a voltage of 40

kV, 30 mA to determine the phases presents and their crystam
lographic orientation of the GO thin films.

3. Result and discussion

In this work, thin-films of CyO metal oxides were grown
from a mixture of CQ-N,. The discharge generated by
pulsed DC sputtering was carried out for 60 minutes, us-
ing CO,, to take advantage of the O atoms coming from
its dissociation. Thanks to the energy inside the plasma, theec
C=0 bonds present can be broken down to generate O atomsg
which can be used to interact with the Cu atoms that are de-2
tached from the target. This can lead to interaction, and the
oxide phase of Cu can be generated. The thickness and mor
phology depend on the gas pressure and current used to ger
erate the discharge, detaching Cu atoms from the surface an
moving them toward the substrate by medium of the species
involved to generate the plasma. FIGURE 2. Raman spectra of the thin films of €.
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TABLE |. Percentage of atoms in the analyzed sample.

Element Atom 9] Atom [%]
100m 1pum

Cu 61.84 60.82

O 28.70 31.12
C 9.46 8.06

Particles stick together to form clusters, which continue to
perform random walks until all particles are part of one sin-
gle aggregate.

The EDS spectra of the GO thin-film samples (Fig. 4)

G R e clearly show the presence of peaks corresponding to the Cu

and O elements. The observed atomic ratio of 2:1 between

FIGURE 3. SEM micrographs of G40 produced by C@-N-

plasma, a) 100m and b) im the Cu and O elements suggests the presence ¢DQu

these films.

The carbon in the sample, as observed in the EDS spec-
trum, may be a product of the dissociation of £@hich is
SEM images of the thin films of G synthesized using a corroborated by the results obta?ned via OES. The percent-
pulsed discharge are shown in Fig. 3. The results displaye@9€ ©f atoms within the sample is presented in Table I, and
that the synthesized GO is mainly constituted by a non- gccordlng to the values obt'alrjed, we can corroborate thg ex-
homogeneous film on the Cu surface: (a) as a consequentgence of the C4O phase within the analyzed sample, which
of the distribution of the grain on said surface, and (b) thisCONfirms the results obtained through Raman.
can be explained by two factors: the energy, with which the )
plasma interacts with the surface of the target, is very high,3'3' AFM Analysis
owing to macro-particles that generate irregularities on th
surface of the film and to the high internal stresses generatq

within the samples. as a consequence of oxidation to Creat?ented, so that we could determine the morphology of the
the cu;;nc phase within oursamplﬁ. h fi hanaIyzed samples from two different profiles. In Figs 5a)
In the same }/vay, we can say that the e:cpﬁearanlceq MNYnd 5b) we can see a non-homogeneous surface, where, for
MOgGEneous SUrfaces 1S a consequence o the nuc ?3“0” Pi95th cases, island-type growth is observed instead of being a
cesses within the growth of the th'_n f'lm’ begause It1S CON-gma6th continuous film. The grain growths observed in the
sidered a cluster—cluster. agg_regatlon, in which the r_andor‘@:uzo most likely followed island-type growth, based on the
movement of many particles is involved (macro-particles). shape and distribution of the grain for each film [32]; that is,
the O atoms that reach the Cu surface can interact with them

3.2. SEM and EDS analysis

FM images of the thin films grown over 60 min are shown
Fig. 5, where 2D and 3D images taken at/2% are pre-

7000 SmPreV and diffuse, being absorbed in positions where the binding
A energy with the substrate is high. As atoms arrive, islands
6000 - or agglomerations begin to form; subsequently, the larger ag-
s glomerates absorb the smaller groups, thus increasing their
5000 |- size.
- As the agglomerates grow, they leave empty spaces be-
4000 |CU tween them, causing the growth to be like an island of the
thin film, causing a non-homogeneous surface where the ran-
3000 - dom distribution of the particles can be associated with the
high surface mobility of the O particles that interact with the
2000 1 Cu Cu surface with high kinetic energy. This is reduced by the
[ Cu, which reduces the mean free path of the particles, reduc-
1000 I Cu ing diffusion and favouring the formation of micro-particles
and, as a consequence, the generation of inhomogeneous sur-
0 1T T T T T T faces due to the appearance of peaks and valleys, which is

¥ & * & &8 WL &S L L& in accordance with the obtained results. The grain size and
Enargyev] roughness were calculated using statistical software for im-
FIGURE 4. EDS spectra of the GO thin films with atomic ratio ~ ages (SPIP), obtaining a roughness of 18 nm and a grain size
of 2:1. of 42.5 nm for the thin films grown at 1 Torr pressure.
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FIGURE 5. 2-D a) and 3-D b) images of GO thin films obtained by AFM.

3.4. XRD analysis (=~ 400 counts) suggests slight amorphosity or incorporation
of impurities, possibly nitrogen (from N or carbon (from

Figure 6 shows the X-ray diffraction (XRD) pattern of the cQ,), at the film-substrate interface.

Cu,O thinfilm. The distinctive diffraction peaks af 2- 30°,

36°, 42°, 61° and 74 correspond to the (110), (111), (200),

(220) and (311) planes of GO, respectively. The absence 3.5. OES analysis

of CuO peaks (e.g., ai2~ 35.5° and 38.7) indicates that

the plasma conditions, likely influenced by reducing specieShe OES spectrum obtained from the discharge is show in

such as CO, selectively favour the formation of,Quover  Fig. 7. It is well known that atomic and molecular transitions

CuO. emit photons with specific wavelengths and energies that cor-
The (111) peak at@~ 36° shows the highest intensity, respond to the difference between the upper and lower energy

evidencing preferential texturing in the (111) direction. Thislevels involved in the transitions. The spectrum again shows

orientation, promoted by the structural compatibility betweerthe species of CQ(337, 375 nm) with transitions/§ — v16)

the Cu substrate (face-centred cubic, FCC) and thgOCu and {16 — v19) [33-35], and CO witht51 and483 nm char-

suggests a pseudo-epitaxial growth that can improve intercteristic peaks of theJ': — A'TI) Angstrom band [36].

facial properties such as electrical conductivity and stability.The emission of Swan band of,&500 — 520 nm) arises

Scherrer analysis estimates a nano-crystalline grain size dfom transitions between electronic staté¥{, —a>IL,); O,

~ 16 — 17 nm, consistent with the nano-structured morphol-had peaks 400 and 406 nm with transitio68 0\, — a'A,)

ogy of the film. Peak broadening is attributed to inter-facialand (A% — X 32;), respectively P, ?] and O atomic at

tensions arising from & 18% lattice mismatch between Cu

and CuyO, coupled with defects such as oxygen vacancies or

composition gradients induced by substrate oxidation by re- 2
active oxygen from C@dissociation. The noisy background 40000 :
T CO,+N, mixture
30000
8000 i
=
& 3
= g1l 5
6000 | 2 20000 - = s
Q2 o
2 £ ~ co
=4
8 4000 z
10000 g
g a B
20001 c, ‘ |
3 - e

1 T T T T 1
200 300 400 500 600 700 800 900
Wavelength (nm)

FIGURE 6. X-ray diffraction pattern of CeO thin films deposited  FIGURE 7. OES of CQ-Nz, I = 500 mA, V = 600 V and 1.0
using CQ-N plasma. Torr.
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at 777.1 ¢S° —° P) and 844 {S° —3 P) nm, which can impact because the energy required to break ta®®onds
also be observed from the,$econd positive system (SPS), present in the molecule is at least 5.5 eV, and most of the
(C311,, — B®11,) of Ny at 337, 371 and 380 nm. electrons (low energy) participate in the excitation process of
The species observed using OES within the plasma arthe species generated in the plasma. This leads to the forma-
formed because the electrons are accelerated by the electtion of the CQ, CO, and O and the appearance of the excited
field present within the plasma, producing ionization pro-states of CQ, in addition to the excited states of;N On
cesses, excitation via electron impact, dissociation, and, ithe other hand, the result obtained fqr promotes the elec-
some cases, recombination processes. In the case g§f CQronimpact excitation and ionization in the generated plasma,
electron-induced dissociation can also result in the formatiomnd, consequently, the transfer of energy from electrons to
of COinits ground statd £) and O atoms in both the ground particles generated will lead to the formation of the excited
(3P) and metastable D) states [39], which can observed in states of C@ and N, and appearance of,@pecies. Further-
Eq. (1). The excitation process of the dissociation productamore, the values found for these parameters corroborate the
may additionally occur via the electrons impact, which mayresults obtained via SEM and AFM for the morphology of
result in the corresponding excited states. the thin films because the value 6, likewise, suggests the
5 expulsion of macro-particles; as a consequence, these are the
e +CO, — CO(XX) + OCP", P) +e, @ causes of generating an irregular surface which is observed
where, from the dissociation of G(by means of/1), this  in these results.
can be followed by the recombination of the oxygen atoms,
as observed in Eg2j, which demonstrates the generation of
oxygen atoms responsible for producing the oxidized phase

of Cu. 4. Conclusions
O0O+0+4+M— 0Oy + M. (2)
Something similar occurs for the molecules of, Which  In conclusion, thin films of metal oxides (@D) can be ob-
can be excited by means of electron impact tained from a mixture of C&N- using DC pulsed sputter-
ing technique (plasma technology). The films were obtained
e+ Na(X) — No(C) + e, @ 9 que (p 9y)

by taking advantage of the dissociation of £@ O atoms
however, N dissociation is weaker because of the higherthat can interact with the Cu substrate to form,Ou Ra-
dissociation energies of the,Ncompared with the C® man analysis allowed us to determine the structure formed by
molecules,i.e., 9.7 and 5.5 eV, respectively [19]. For this the CG-N, plasma, confirming the existence of £ be-
reason, only the SPS band characteristic efddn be ob- cause the Raman spectrum presents the characteristic peaks
served. An alternative form of CQlissociation, which helps  of Ci,O, in which we can identify the peak at 79 cfnthat
explain the presence of the, Gwan band emission, is due to corresponds to a deformation barj for the atoms Cu-Cu-
the following: O atoms; this confirms the presence of metal-metal bonds
and the bond between the Cu and the O. Furthermore, the
e+CO, ~C+ 0 +e. ) predominance of the peak at 218 Tthindicates the high
The presence of £can be taken as an indication of the structural quality of the synthesized sample. Also, the ap-
formation of solid carbon, as presented in E4).que to the  pearance of the peak at 515 ttis the only instance that
dissociation of CQ, which also shown that Cinitially nu- is due to the Raman active mode,{). The SEM and AFM
cleate in solid carbon groups [40]. On the other hand, withirresults show the morphology of the grown structures. SEM
the discharge, there may be several possible reactions thahalyses show irregular surface, which is expected due to the
are the result of the interaction of the electrons with the N distribution of grain on the surface of the substrate, resulting
and CQ molecules. The appearance of the excited states ah a non-continuous surface. AFM analysis showed island-
CO, and N, impacted by electrons; therefore, we considertype growth instead of a smooth continuous film. The grain
that the most important reaction in plasma chemistry andjrowths of the CuO most likely followed Volmer-Weber
for the generation of electric discharges in the,@@®, mix-  growth, based on the shape and distribution of the grain for
ture is mainly related to electron impad) @nd B). There each film. Furthermore, Volmer-Weber growth is typically
may also be processes through recombinaf®)n [n addi- the preferred growth mode for a normal metal film on a con-
tion to this, in the same way that the discharge parameterductor substrate. The roughness value found is 18 nm, with
were determined, such as the electron temperaflilelly  a grain size of 42.5 nm. The EDS analysis confirmed the
the Boltzmann Plot method using the species coming fronexistence of C¢O as the spectrum only shows the peaks cor-
N, (C3II, — B®11,) [41,42] and electron density.{) based  responding to Cu and O. The results provided by EDS sug-
on the Saha-Boltzmann method [43, 44], finding values ofgest that the atomic ratio is 2:1 between the Cu and O ele-
7.8 (£0.8) eV and2.72 & 0.20 x 10'° particles per cthre-  ments, respectively. The XRD shows the distinctive diffrac-
spectively, for the case df.. This suggests that the elec- tion peaks at2 ~ 30°, 36°, 42°, 61° and 74 corresponding
trons in the high energy part of the electron energy distributo the (110), (111), (200), (220) and (311) planes ofQu
tion function produce the dissociation of g@ia the electron respectively. Scherrer analysis estimates a nano-crystalline

Rev. Mex. Fis71061001



SYNTHESIS AND CHARACTERIZATION OF CYO THIN FILMS OBTAINED FROM A CO,-N2 PLASMA MIXTURE

7

grain size of 16-17 nm, which is consistent with the nano-andn. (7.8 0.8 ev and2.72 & 0.28 x 10%° particles per

structured morphology of the film. The dissociation of thecm?, respectively) corroborate the results obtained by SEM
CO, was verified using OES, finding the O atoms at 777 ancand AFM due to the energy with which the plasma interacts
844 nm, which can interact with the Cu surface, forming theon the surface, producing the morphology of the grown film,
Cu,O phase, which confirms the results obtained by meanwhich is non-homogeneous and with certain porosity, form-

of

t

10.

11.

Raman and EDS. Added to this, the values foundffor

ing peaks and valleys.
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