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ABSTRACT

Cu(In, Ga)Se; thin films possess important optoelectronic properties desirable
for their application in devices such as solar cells. Solar cells based on this
material have reached higher efficiencies than 23%. However, the commercial-
ization of these cells has been restricted due to the use of thin film deposition
methods involving costly high vacuum and cost. To reduce costs, it is necessary
to use methods that do not use a high vacuum, among which electrodeposition
stands out. Unfortunately, solar cells produced with this technique have yet to
achieve high conversion efficiencies. Several authors attribute the lower effi-
ciencies in such cells to the use of chemical additives in the preparation, dif-
ferent substrates, different deposition temperatures, etc. Nevertheless, there are
very few reports on the influence of other metal salts in electrolytic baths. This
work aims to use three different types of metal salts and voltages to produce
Cu(In, Ga)Se, (CIGS) absorber thin films by co-electrodeposition technique. The
effect of nucleation type with two different substrates is studied, also report the
studies carried out on the atomic composition and structural, morphological,
and electrochemical characterization to understand the formation, growth, and
morphology of CIGS films and, in this way, to obtain a suitable stoichiometry of
thin film solar cells using this absorber.
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1 Introduction

The electrodeposition technique has shown great
feasibility for the large-scale production of thin films
Cu(In, Ga)Se; and, thus, the possible reduction in the
production cost of solar cells based on this type of
absorbers [1-3]. To increase the photovoltaic
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performance of these films, the following strategies
had been: (i) the co-electrodeposition of Cu(In, Ga)Se;
using an electrolyte, (ii) the electrodeposition of
stacked layers of metals, alloys, or binary selenides,
and (iii) the electroless technique. Each requires
optimizing the film formation process by using
additives, varying the deposition temperature, a
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complexing agent for the electrolyte solution, or
varying concentrations of the salts used. Remarkably,
the co-electrodeposition technique requires that the
film’s elements are reduced to the same potential so
that they co-electrodeposit simultaneously, forming a
thin film. This control is achieved through the com-
plexation of metal ions and preferably maintaining a
low pH of 1.5-3, as seen in [4]. In this regard, sodium
sulfamate was also employed, which allowed the
ratio of (Cu 4 Se)/ (In 4 Ga) to decrease. At the
same time, the gallium content increased, and the
film composition transformed from Cu-rich to Cu-
poor [5]. The use of complexing agents such as KCN
influences the reduction potentials of Cu** and Ga®*
relative to the uncomplexed species [6]. Using
potassium sodium tartrate as a complexing agent for
In ions and trisodium citrate for Ga ions allows the
electrodeposition of In-Se and Ga-Se thin films in
highly alkaline solutions [7]. In the case, In-Se, a
coating efficiency of 68% had obtained at pH 13.
Chelating agents form complexes, such as Tri-
ethanolamine (TEA) and Diethanolamine (EDTA),
citric acid or trisodium citrate, sodium tartrate, and
tartaric acids with Cu, In, and Ga ions. Under this
strategy of electrodeposition of Cu-In-Ga oxide/hy-
droxide precursor films, the mass transfer-controlled
deposition of the three elements had carried out,
allowing control of the film composition. Reduction
of the layer is carried out in a pure hydrogen atmo-
sphere, allowing the formation of a mixture of In and
Cuo(In, Ga)s. Using pure hydrogen instead of an
Argon/Hydrogen mixture, the depletion of Ga due to
the formation of GaMos on the back side avoid,
allowing the form construction of the CulnggsGag 1s-
Se, phase [3]. Flexible substrates [8], various types of
doping [9], as well as different types of metal layers
[10-12], have been used by this technique. However,
there are few studies on various types of metal salts.
Some of these industry strategies have allowed for
reaching efficiencies between 14 and 17% [13].
Nonetheless, the most attractive technique is co-
electrodeposition, which uses an electrolyte solution
and allows for optimizing the atomic composition of
each metal. The main challenge in this technique is to
obtain in a single step the CIGS film with an adequate
polycrystallinity, a ratio of 0.93 for [Cul/[In + Gal,
and 0.3 for [Gal/[In + Ga] [14], among other char-
acteristics. In this work, we propose using three dif-
ferent types of metal salts to prepare thin films by co-
electrodeposition technique and study the effect of
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the type of nucleation on two substrates (Molybde-
num (Mo) and Fluorine Tin Oxide glass (FTO).
Likewise, the different structural, morphological,
atomic composition, and electrochemical characteri-
zation studies have shown a suitable stoichiometry
for constructing solar cells based on Cu(In, Ga)Se; as
an absorber.

2 Experimental section
2.1 Materials and equipment

Table 1 shows the molar concentration of each metal
salt used in the preparation of each electrolytic bath
and the type of substrate used. The purity and brand
of each of the salts are copper(ll) chloride dihydrate
(99.99%), indium (III) chloride (99.999%), anhydrous
gallium (IIl)chloride (99.99%), lithium chloride
(> 99%), copper(Il) nitrate hydrate (99. 999%),
indium(IIl) nitrate hydrate (99.999%), gallium(III)
nitrate hydrate (99.9%), lithium nitrate (99.99%),
copper(ll) sulfate (> 99%), indium(Il) sulfate
hydrate (99.99%), gallium(IIl) sulfate (99.99%), sele-
nious acid (99.999%). The chemicals used were
Aldrich Chemical Co, lithium sulfate reagent (99.7%),
hydrochloric acid 37.4% ACS, nitric acid 70% ACS
purchased from Fermont Company, and sulfuric acid
97.4% ACS from ].T. Baker, pH three buffer solutions
from Hydrion Company.

The substrates used were FTO from Delta Tech-
nologies. The Mo substrate on glass had prepared in-
house using direct current sputtering equipment,
model Balzer BAE 250, with a Mo target of 5.08 cm.

2.2 Electrodeposition

CIGS films were fabricated by co-electrodeposition,
using the reagents and molar composition indicated
in Table 1, using the equipment Bio-Logic SAS

Table 1 The molar concentration of each of the salts used in the
electrolytic baths

Bathno 2.6 (mM) 4.5@mM) 10 (mM) 8 (mM) 1 (mM)
1 CuClz IIIC13 GaC13 H2S603 LiCl
2 Cu(NO3)2 IH(NO3)3 Ga(NO3)3 HQSCO3 LINO3

3 CuSO4 Il’lz(SO4)3 Gaz(SO4)3 H2$CO3 leSO4
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potentiostat model VSP s/n: 0332 controlled with Ec-
lab software was used to prepare the films.

2.3 Characterization

For analyzing the crystal structure, X-ray diffraction
patterns of the films were recorded on DMAX-2200
with copper Ka radiation (Ac, = 1.5406 A), and the X-
ray beam was at 0.5° grazing incidence (GIXRD). The
crystal size was estimated from the Scherrer Eq. (1)
[17, 18]
K2
~ Pcosd (1)

where D is the average size of the crystals, K is the
shape factor or so-called Scherrer constant =1, 4 is
the wavelength of the X-ray equipment (Ko Cu) =
154 A, f: width of the average height in radians
(value of FWHM), 0: Bragg angle.

The atomic compositions of the films were
obtained by EDS technique using Hitachi microscope
model SU1510 SEM, which has a secondary electron
detector and an energy dispersive X-ray detector
model INCA-x-act. An electron accelerating voltage
of 8 kV and energy emission levels Ka for copper,
selenium, gallium, and Lo for indium had used to
quantify the atomic composition. Atomic composi-
tion values were quantified over 600 pm x 600 pm.
Micrographs of the films had obtained using a Hita-
chi model S-5500 SEM microscope with a secondary
electron detector. An Alpha-step 100 profilometer
had used for thickness measurement. Diffuse reflec-
tance spectra obtained by UV-VIS measurement were
performed using a Jasco V-670 spectrophotometer
with a 2500-250 nm wavelength range.

The diffuse reflectance spectra data to equivalent
absorption spectra by the Kubelka-Munk equation
[15, 16]. The band gap of thin films and the equivalent
absorption coefficient had related through the fol-
lowing Eq. (2):

oahv = A(hv — Eg)” (2)

where « is the linear absorption coefficient, A is an
arbitrary constant, hv is the photon energy, and
n equals 1/2 for direct transition-allowed materials.

The electrochemical techniques used were Cyclic
Voltammetry (CV) and Chronoamperometry (CA),
for electrodeposits and part of the characterization of
CIGS films, employing a three-electrode cell, where
the working electrode (WE) was FTO or Mo on glass
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(soda glass). The Mo film thickness was 1-2 microns
and an active area of 1 cm x 3 cm. The counter
electrode (CE) was a platinum mesh, and another
platinum mesh was a reference electrode (REF). Ag/
AgCl electrode had used as the reference electrode
for CV. The potentiostat mode had used to prepare
the CIGS films at three potentials -0.8, -0.9, and -1.0 V.
The sweep rates used for the CV studies were
5mVs™!, 10 mVs~!, and 20 mV s ..

3 Results and discussion
3.1 X-ray diffraction

Figure 1 shows the X-ray diffraction patterns of the
CIGS films deposited from electrolytes containing the
salts of the three metal ions Cu(II), In(III), and Ga(III),
each of this with three different anions: patterns in
(a), (b), and( ¢) are of films deposited on Mo using the
chlorides, nitrates, and sulfates, respectively. and the
patterns in (d), (e), and (f) are of the films deposited
on FTO from the electrolytic baths prepared with the
chlorides, nitrates, and sulfates, respectively, Fig-
ure la, b, and ¢ shows a diffraction peak at 20 = 40,
which is attributable to the reflection from the (110)
plane of the Mo substrate with a cubic structure with
the lattice parameter a = 3.1472 A (PDF#42-1120). The
most intense diffraction peak observed in Fig. 1d, e,
and f is due to reflection from the (112) plane of FTO.
The other peaks observed in Fig. 1a—f, match the
peaks reported as corresponding to reflections from
the principal planes (112), (220), and (116) of
CuGagslng 7Se; phase (PDF#35-1102). These results
show that the films deposited on both substrates,
irrespective of the anion of the metal salt used in the
electrolytic baths, are of the same phase CuGags.
Ing 7Se;. Table 2 lists the principal planes along with
the crystal size (ranging from 5 to 16 nm) estimated
from the Scherrer equation [17, 18] in the case of each
of these films. Thus, the X-ray diffraction data show
that there is no significant change in the formation of
the diffraction planes or the crystalline phase
deposited using the different voltages applied and
the anions present in the electrolytic baths.

3.2 Atomic composition by EDS

Tables 3a and b show the atomic composition results
from EDS analyses of the films deposited under
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Fig. 1 X-ray diffraction spectra of the CIGS films, a, b and
¢ correspond to the films deposited on Mo, using electrolytic baths
of chlorides, nitrates, and sulfates, respectively, and d e and

different applied potentials: for example, MC1, MN1,
MS1, FC1, EN1, and FS1, correspond to the films
obtained using an applied voltage of — 1.0 V, while
MC2, MN2, MS2, FC2, FN2, and FS2, as well as MC3,
MN3, MS3, FC3, FN3, and FS3, to those obtained with
the applied voltages of — 0.9 and — 0.8 V, respec-
tively. Table 3 shows the compositions of the films
deposited on Mo/glass substrates, and Table 4, that
of those on FTO substrates. For efficient solar cells
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f correspond to the films deposited on FTO, using electrolytic
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based on Cu-In-Ga-Se, the desirable atomic ratios are
[Cul/[In + Ga] ~ 0.9 and [Ga]/[In + Ga] ~ 0.3 [14].
In this sense, the values of [Cu]/[In + Ga] obtained
for the films from the various electrolytic baths with
nitrates, sulfates, and chlorides on Mo/glass sub-
strate are high, higher than the optimum value of 0.9
(Table 3). When using FTO substrate, the samples
prepared with chloride salts show these values
higher than 0.9, while those with nitrates and sulfates
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Table 2 Crystal size was estimated from the Scherrer equation,
using the highest intensity plane of each sample and the main

planes of each of the samples

Mo substrate

FTO substrate
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have a ratio lower than this value. In contrast, the
[Gal/[In + Ga] are similar to the theoretical value for
all the samples from the chloride bath and the sam-
ples from the nitrate baths (MN1 and MN2). These
results indicate that the Ga content in these samples

Sample Crystal size (nm) Sample Crystal size (nm) is adequate, but the Cu content is much higher than
MC1 8 ECI 9 the des. These are repeated for samples FC1, FC2, and
MC2 11 FC2 5 FC3, however with both these atomic ratios reduced
MC3 7 FC3 11 were the case of samples obtained with nitrate and
MNI1 16 FN1 9 sulfate baths on the FTO substrates, as shown in
MN2 6 FN2 11 Table 4. Thus, the films deposited on Glass/Mo and
MN3 10 FN3 9 FTO from an electrolytic bath based on chloride salts
MS1 8 Fsl 10 are close to the ideal atomic ratio values for the
MS2 7 FS2 8 construction of thin film solar cells using Cu-In-Ga-Se
MS3 7 FS3 5
as an absorber.
Table 3 Percentage values of
the atomic composition for Ga/ Samples Atomic values (% At.) Thickness (pum)
(In + Ga) and Cu/(In + Ga) Cu In Ga Se  Culln+Ga) Galin+ Ga)
ratios, obtained by EDS of
CIGS films using Mo as Mo-chlorides
substrate MC1 26.9 15.6 6.1 51.4 1.2 0.3 1.0
MC2 28.1 15.8 5.5 50.6 1.3 0.3 1.0
MC3 29.1 12.8 54 52.7 1.6 0.3 0.9
Mo-nitrates
MNI1 40.8 7.7 3.1 48.4 3.8 0.3 0.7
MN2 38.8 9.8 3.9 47.4 2.8 0.3 1.0
MN3 20.8 30.2 1.4 47.6 0.7 0.0 1.0
Mo-sulfates
MSI1 27.2 22.9 1.3 48.7 1.0 0.0 1.1
MS2 42.2 12.7 0.7 44.1 3.1 0.1 2.4
MS3 41.6 14.0 1.4 43.0 2.8 0.1 1.7
Table 4 Percentage values of
the atomic composition for Ga/ Sample Atomic values (at. % At.) Thickness (nm)
(In + Ga) and Cu/(In + Ga) Cu  In  Ga Se  Culln+Ga Ga/ln+ Ga)
ratios, obtained by EDS of
CIGS films using FTO as FTO-cloruros
substrate FC1 26.2 14.5 6.1 53.2 1.3 0.3 0.7
FC2 38.4 7.2 4.8 49.6 3.2 0.4 1.0
FC3 31.0 12.0 5.0 51.9 1.8 0.3 0.9
FTO-nitrates
FN1 17.5 17.3 2.6 62.3 0.9 0.1 0.8
FN2 134 23.1 2.2 61.3 0.5 0.1 0.9
FN3 14.6 17.0 3.6 64.7 0.7 0.1 0.8
FTO-sulfates
FS1 17.1 324 0.5 50.8 0.5 0.0 0.8
FS2 24.7 29.9 33 42.1 0.7 0.1 0.7
FS3 23.7 25.8 1.1 49.4 0.9 0.0 0.7

@ Springer



1461 Page 6 of 16

Fig. 2 Micrographs of the
surface of CIGS films,
fabricated using Mo (M) and
FTO (F) as substrates, using
various types of salts
(chlorides (C), nitrates (N) or
sulfates (S)) at overpotentials
of — 1.0V (1), = 09V (2),
or — 0.8V (3)
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Fig. 3 Current density-time plots obtained during the electrodeposition of CIGS films using glass/Mo (a, b and ¢) and FTO (d, e, and
f) substrates
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«Fig. 5 Diffuse reflectance spectra of CIGS films deposited on
Molybdenum (a, b, and c¢) and FTO (d, e, and f) using chloride,
nitrate, and sulfate salts, respectively

3.3 Scanning electron microscopy

Figures 2a and b show the morphology of CIGS
samples obtained on Mo and FTO substrates,
respectively. The SEM images show cauliflower-type
growth; each cluster comprises grains ranging in size
from 0.05 to 0.12 microns. The grain size is a function
of the type of metal salt used, the applied voltage,
and the type of substrate. For example, the SEM
micrographs in Fig. 2a, that the films MC1, MC2, and
MC3 have very similar granular growth with grain
sizes of 0.07, 0.09, and 0.06 microns, respectively, the
grain varying depending on the voltage applied for
the deposition of the films. Similar behavior is
observed in MN1 to MS3 films. In the case of samples
MS1 and MS2, forming cauliflower-shaped clusters,
the grain size is 0.13 and 0.12, respectively. MS3
shows the formation of scales on the spherical grains,
most likely due to the possible formation of Cu-Se, as
reported previously from elsewhere [19-22].

Figure 2b shows the morphology of the CIGS
samples on an FTO-coated substrate. These samples
show similar morphology to the pieces on a Mo
substrate. The average grain size ranges from 0.03 to
0.07 microns. Samples FC1, FC2, and FC3 have
smaller grains than samples MC1, MC2, and MC3.
Samples obtained with a nitrate bath present small
grains that agglomerate to form larger clusters, as
seen in the SEM micrograph of the samples FN1 and
FN3, since FN2 presents the formation of flakes
whose dimensions are up to 0.10 microns. Samples
FS1, FS2, and FS3, are formed by conglomerates of
grains whose average size ranges between 0.07 and
0.09 microns. We also observed the formation of
voids between these conglomerates in these micro-
graphs. Thus, for all these samples, very similar
granular growth is observed on the two types of
substrates from the electrolytic solutions with the
salts of different anions. However, the films grown
on Mo/glass substrates have smaller grain sizes than
those grown on FTO.
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3.4 J-t transients

The growth of CIGS films is directly related to the
applied overpotential, i.e., the development of these
films carried out by the kinetic mechanism of nuclei
growth. These mechanisms had described by the
instantaneous and progressive nucleation equations
of Scharifker and Hill [23], where I, and t,.x are
the maximum current and t corresponds to the
maximum current in the CTT (Current-Time Tran-
sient) growth and nucleation region,
3D Progressive nucleation

i \* (12254 £\ ]
<i >=<'t >x[l—exp<—2.3367(t ))]

Bnax
(3)

3D Instantaneous nucleation

()= (227 < [ ()]

thﬂX
(4)

Fig. 3a—f show the current density-time plots
obtained during the electrodeposition of CIGS films
using glass/Mo (a, b, and ¢) and FTO (d, e, and f)
substrates. The observed increase in current is asso-
ciated with an increase in the electroactive area and
the stabilization and growth of new nuclei; subse-
quently, the observed slow decay is due to a mass
transfer-controlled process. This behavior is charac-
teristic of three-dimensional (3D) diffusion-controlled
nucleation processes [24]. Figure 4a, b, and c com-
pares the transient curves for the theoretical 3D-type
progressive and instantaneous growth and those of
CIGS on Mo substrates. In contrast, Fig. 4d, e, and f
are for those on FTO substrates at three different
applied overpotentials and using chloride, nitrate,
and sulfate salts, respectively. The values obtained
with these equations show a behavior very close to
the 3D-instantaneous change for all samples. It also is
mentioned that the FTO substrate is a favorite over
glass/Mo substrates. The same type of growth has
been reported on CIGS films using only chloride salt
baths [25]. Therefore, the effect of the kind of growth,
whether chlorides, nitrates, or sulfates, is influenced
by the type of substrate, which will determine whe-
ther it is instantaneous or progressive style with a 3D
growth rate.
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Fig. 6 Graphs obtained by the Kubelka-Mung method of CIGS films deposited on Molybdenum (a, b, and c¢) and FTO (d, e, and f), using
chloride, nitrate, and sulfate salts, respectively, to calculate the band gap
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Table 5 Bandwidth values for the CIGS films made with the
electrolytic baths had shown in Table 1

Sample Band gap value (eV) Sample Band gap value
MCI1 1.27 FC1 1.02
MC2 1.32 FC2 1.42
MC3 1.47 FC3 1.34
MN1 1.24 FNI 1.33
MN2 1.30 FN2 1.27
MN3 1.32 FN3 1.34
MSI1 1.24 FS1 1.28
MS2 1.17 FS2 1.26
MS3 1.09 FS3 1.32

3.5 Optical properties

Figure 5 shows the Diffuse reflectance spectra of
CIGS films deposited on Molybdenum (a, b, and c)
and FTO (d, e, and f), using chloride, nitrate, and
sulfate salts, respectively. Figure 6 shows the differ-
ent graphs obtained by applying the Kubelka-Mung
method on the diffuse reflectance spectra of CIGS
films deposited on Molybdenum (a, b, and ¢) and
FTO (d, e, and f), from chloride, nitrate, and sulfate
solutions. Table 5 lists the bandgap values obtained
from such plots for the CIGS films deposited on
molybdenum (Mo)-coated and FTO-coated sub-
strates. The CIGS films on FTO show slightly higher
bandgaps than those deposited on Mo. Further, the
observed bandgaps are higher for the films deposited
on Mo from the chloride or nitrate electrolytic baths,
but not for those deposited from the sulfate baths.
The band gap in CIGS films is reported to be close to
1.14 eV [26]. The differences in the observed band-
gaps in the present films, Table 5, from the reported
bandgap are probably due to the different voltage
conditions and types of salts used for the film depo-
sitions, which influence the optoelectronic character-
istics of the films. According to this table, the
bandgap of the films on Mo substrates deposited
from the chloride or nitrate bath decreases as the
applied potential increases, while those for the films
from the sulfate baths decrease with the decrease in
voltage. When FTO substrates are used, there is no
trend of increasing or decreasing bandgap values.
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3.6 Electrochemical evaluation

Figures 7a—c and d-f show the voltammograms
obtained by the cyclic voltammetry technique for the
solutions prepared with metal salts (chlorides,
nitrates, and sulfates), using glass/Mo and FTO as
substrates at different scanning speeds of 5, 10, and
20 mV/s, respectively. As observed in Fig.7a a
reduction peak at — 0.726 V (vs. Ag/AgCl) is prob-
ably due to Ga deposition; likewise, another one had
observed at an anodic potential of — 0.350 V (vs. Ag/
AgCl), most likely due to Gallium oxidation. In
addition, a potential crossover is approximately
— 0.360 V due to the formation of a deposit on the
Mo electrode surface, possibly Gallium. Figure 5b
shows an anodic potential peak at approximately 0.35
and 0.75 V (vs. Ag/AgCl), probably due to oxidation
of the Cu film formed. Nevertheless, the pH is acidic,
and developing the precursor salts” Ga, In, and Li
hydroxides on the electrode surface is possible [3].
Figure 7c shows three potential values associated
with the reduction processes of Cu, In, and Ga ele-
ments; 0.012, — 0.096, and — 0.205 V (vs. Ag/AgCl),
respectively, at the rate of 5 mV/s. At this rate, an
anodic peak due to an oxidation process occurs at
approximately — 0.307 V (vs. Ag/AgCl). At the rates
of 10 and 20 mV /s, neither cathodic nor anodic peaks
are observed; this is probably because the deposited
Mo film was unstable in the presence of sulfates.
Figure 7d shows a potential peak corresponding to a
reduction process around -0.003 V (vs. Ag/AgCl),
probably due to Cu reduction, and an oxidation
process around 0.456 V (vs. Ag/AgCl), possibly to
Cu. These processes had shown at the three sweep
rates 5, 10, and 20 mV /s, which means that the FTO
electrode surface is stable in the chloride salts. Fig-
ure 7e shows three potential peaks corresponding to
reduction around — 0.055, — 0.254, and — 0.600 V
(vs. Ag/AgCl), most likely Cu, Ga, and In deposits,
respectively, and three oxidation processes observed
at approximately 0.166, 0.432, and 677 V (vs. Ag/
AgCl), attributed to Cu, Ga, and In elements. These
processes appear at the three scan rates of 5, 10, and
20 mV /s, which means that the FTO electrode sur-
face is more stable than Mo in the presence of nitrate
salts. Figure 7f shows two potential peaks corre-
sponding mainly to reduction at around — 0.083 and
— 0.644 V (vs. Ag/AgCl), most likely deposited from
Cu, Ga, respectively, and two oxidation processes
observed at around -0.590 and 0.542 V vs. Ag/AgC],
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Fig. 7 Voltagrams of the CIGS electrolytic baths, using Mo (a, ¢, e) and FTO (b, d, f) as working electrodes using chloride, nitrate, and
sulfate salts respectively, at 5 mV, 10 mV, and 20 mV each
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attributed to Cu, Ga elements. These processes
appear at all three sweep rates, 5, 10, and 20 mV/s,
which means that the FTO electrode surface is less
stable in sulfate salts than in nitrate salts.

4 Conclusion

Based on the EDS results, samples obtained from
chloride salts on glass/Mo and FTO substrates show
a Ga/(In + Ga) close to the ideal ratio of 0.3. When
using electrolytic baths based on nitrate salts, similar
values are obtained for MN1 and MN2 samples.
Therefore, it is possible to indicate that the chloride-
based bath favors the incorporation of Ga in the film.
The main phase obtained corresponds to CuGags.
Ing 7Se; (PDF #35-1102), whose principal diffraction
planes are (112), (220), and (116) for all prepared
samples, regardless of the type of electrolytic bath
used or the type of substrate, according to X-ray
diffraction analysis. SEM analysis shows a morphol-
ogy consisting of cauliflower-type for most of the
CIGS samples. According to the models used to
evaluate the type of growth, it is found that the
nucleation process of the deposited films is instan-
taneous with a 3D development, which is more
noticeable when FTO was used as substrate. The
band gap values are low in the case of the CIGS films
deposited on Mo-coated glass substrates but increase
by increasing the applied overpotential when the
electrodeposition baths are prepared using chloride
and sulfate salts. According to the results of cyclic
voltammetry, essential changes were observed when
using different metal salts; for example, sulfate salts
favor the formation of several reductions and oxida-
tion peaks for Cu, In, and Ga, and in particular, using
FTO substrates. On the contrary, the use of Mo sub-
strates favors the reduction processes associated with
each metal ion in particular in the chloride baths,
which will select the electrodeposition of the three
metals (Cu, In, Ga) in such a way as to favor the metal
alloy that allows reacting with it, and thus the for-
mation of the CIGS film.
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