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Accepted: 26 December 2023 Spinel thin films Co;0, have been deposited at a temperature of approximately
400 °C using spray pyrolysis. The testimony process was carried out with differ-

© The Author(s), under ent deposition times (4, 5, 6, and 8 min), indicating that the films were grown for
exclusive licence to Springer varying durations. The objective of varying deposition times of the thin films of
Science+Business Media, LLC, Co;0, was to optimize the fabrication of a hetero-junction between Co;0, and
part of Springer Nature, 2024 Zn0O. XRD, SEM and Raman investigations showed that pure cubic CO3O4 with

an irregular spindle shaped particles have been successfully obtained. The films’
thickness increased under prolonged preparation times leading to a denser sur-
face. The optical measurements revealed that the thin layer with a deposition
time of 8 min attained a total absorbance of 98% in the apparent spectrum with a
band gap of 1.27 eV. The I-V characteristics recorded of FTO/ZnO/Co;0,/Au cells
showed that all devices exhibiting a rectifying behavior with a perfect factor that
varies between 3.87 and 1.64. Our results suggest that Co;O, at 8 min with a car-
rier density of 2.414 x 10'* cm™ and high absorbance is potentially a competitive
hole transport material in spinel solar cells, and, the recorded characteristics of
the photovoltaic phenomenon were noted a short circuit current of 1.302 mA, an
open circuit voltage of 369 mV and a fill factor of 32%.

1 Introduction limit further developments of such materials: the

indirect gap of Si, their rarity, toxicity and high cost.
These last few years, Si [1], Cu,ZnSnS, [2], CulnSe, [3],  Hence, besides improving the efficiency of solar cells,
CdTe [4], GaAs [5], InAs [6], and CdO [7] are the key  itis indispensable to search for novel compounds with
inorganic semiconductors thoughtfully investigated  appropriate semiconductor properties so as to broaden
for photovoltaic applications. Yet, certain boundaries  horizons. As a result, metallic oxides founded on solar
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cells have an unlimited potential to overcome most of
the troubles encountered in conventional solar cells.
The “all oxide” photovoltaic approach is very inter-
esting since it offers better chemical stability, has a
negligible toxicity and for the plenty for a lot of metal
oxides enabling, thus, solar cells manufacturing under
normal status. Metal oxides are commonly utilized as
components in electronics as transparent conductive
electrodes. The little metal oxides that are utilized as
solar absorbers, mostly p-type Cu,O based with a gap
of 1.9-2.2 eV [8], are inappropriate to encompass the
solar spectrum, resulting in solar conversion efficien-
cies that did not exceed 3.22% [9]. Actually, there is a
need for new absorbing materials to be able to achieve
higher solar cells’ performances based on low-cost
technology and environmentally caring. A solution
might be found in transition metal oxides that crys-
tallize in a spinel-like structure. Among the spinel
oxides, cobalt oxide is one of the further important
materials owing to its remarkable feathers and thermal
stability. It has three celebrated valence states, cobalt
oxide (COQO), cobaltic oxide (Co,05) and cobaltite
(Coz0,) [10]. The further steady phase of the cobalt
oxide framework is a composite with joint parity [Co*™
Co"1,072 [10]. Recently, Co;0, is attracting increas-
ing interests in numerous applied fields: solar selected
absorbers [11], anodic electro-chromic materials in
clever counter junk, negative electrodes in lithium-ion
batteries [12], sensing, protective coatings or pigment
for glasses, ceramics, etc... Cobalt oxide Co;0, has
a spinel phase and is a p-type material with a great
chemical stability at high temperatures, an excellent
mechanical strength and was reported to have dif-
ferent direct gap values (Eg;=1.5 eV, Eg,=2.1 eV)
[10]. Various techniques are utilized to grow CozO,
thin films that is: sputtering, chemical bath deposi-
tion [13], sol-gel [14] and spray pyrolysis [15]. The
latter is simple, uses traditional means, and requires
low manufacturing costs. It is excellent for depositing
homogeneous and adherent semiconductor films. Its
performance is locally possible, having the benefit of
large-scale productions. Scientists typically fine-tune
the parameters of spray pyrolysis to attain a consistent
and uniform deposition. For example, Balakarthikeyan
et al. [16] have demonstrated the effect of annealing
temperature from 275 to 375 °C on the various opto-
electronic properties of the Coz0, thin films using
low-cost nebulizer spray pyrolysis for photo-sensing
applications. The Co;0, (350 °C) produce high pho-
tocurrent (8.84 x 1077 A), external quantum efficiency
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(11.6%), detectivity (3.5 x 10° Jones), responsivity
(4.99 x 102 AW ™) and has the shortest rise/decay time
among the constructed photo-detectors. Daranfed
et al. [10], have developed Co;0, films at different
precursor concentrations (0.05 to 0.15 mol/l) at a con-
stant substrate temperature of 400 °C and a deposition
time of 4 min, using the spray pyrolysis technique for
photovoltaic application. The various characteristics
demonstrate that the layer prepared with a concen-
tration of 0.15 mol/l exhibits robust p-type electrical
semiconductor properties as well as excellent sunlight
absorbance. Manickam et al. [17], have undertook the
deposition of thin films of cobalt oxide exhibiting a
single-phase cubic structure on preheated glass sub-
strates, using the spray pyrolysis nebulizer technique
with variations in solution pH. An in-depth analysis
of the structural, optical, morphological and electri-
cal properties of these layers was carried out. Crystals
with a cubic structure were identified using X-ray dif-
fraction patterns, showing a preferential orientation
along the (220) direction. The transmittance of Co;0,
increases proportionally to the increase in pH of the
solution. The band gap values of the Co;0, layers are
in the range of 2.105-2.347 eV for high-energy regions
and 1.74-1.806 eV for low-energy regions. Scanning
electron microscopy images reveal different morphol-
ogies, such as spherical particles, hexagonal-shaped
particles, and grain coalescence depending on the
solution pH. The maximum electrical conductivity at
room temperature (1.94 x 10* S/cm) is reached for a
pHof 6.

The present working is devoted the survey of the
impact of the prepared Co;0, thin films’ thicknesses
on their structural, morphological, optical, and elec-
trical proprieties. Thereafter, the fabrication and the
characterization results of p-Co;0,/n-Zn0O hetero-
junctions are presented.

2 Experimental procedures

Co;0, thin films are get ready on glass substrates
utilizing the spray pyrolysis procedure. The start-
ing resolution contained 0.05 mol/l of cobalt nitrate
(Co(NO,),.6H,0) diluted in distilled water. The lat-
ter was preferred for its abundance and low cost.
Little lowering of hydrochloric acid were appended
to the settlement to ensure the complete dissolu-
tion of (Co(NO;),+6H,0). The mixing was stirred at
room temperature for 30 min prior to deposition with



] Mater Sci: Mater Electron (2024) 35:162

solution pH 6 and the viscosity value equal to 1.133
mPa.s. Different deposition duration times (4, 5, 6, and
8 min) were undertaken. A distance of 22 cm was kept
between the atomizer and the substrates. The trans-
porter gas (compressed air) and the settlement were
fed into a pulverization nozzle at a pre-adjusted con-
stant atomization pressure (2 bar) and the substrate
temperature was maintained at 400 °C. The experi-
mental apparatus employed for the fabrication of our
films is of the Holmarc type, as depicted in Fig. 1.
The measurement of the thickness of our films is
done using a DECTAKS type profilometer. The struc-
tural domains were established by XRD utilizing a
Philips X’ Pert framework (a CuKa striking off source,
a wavelength of 1.541874 A), and Raman spectroscopy.
The films morphology and composition were exam-
ined utilizing a scanning electron microscope (SEM)
coupled with an energy dispersive system (EDX). The
optical transmission was performed in UV-visible
spectrum (i.e., 300 to 1000 nm) utilizing Shimadzu
UV-3101 PC spectrophotometer. The Hall Effect tech-
nique was utilized to assess the electrical properties
of the films at RT. The hetero-junction was fabricated
with the following layer sequence: Glass/FTO/ZnO/
Co;0,/Au (Fig. 2). The Co;0, thin film was prepared
using spray pyrolysis, with a testimonial time of 8 min.
ZnO thin film get also ready using spray pyrolysis.
The solution used for deposition contained 0.1 mol/l
of zinc acetate dihydrate (Zn(CH;COO),.2H,0) dis-
solved in methanol. The substrate temperature is pre-
served at 350 °C, and the testimony time is 10 min.
The current-voltage (I-V) representative of the
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Fig. 1 Schematic diagram of spray pyrolysis the Holmarc type
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Fig. 2 Diagram of the device Glass/FTO/ZnO/Co;0,/Au

hetero-structure was written down utilizing a Sony
Tektronix 370 curve tracer.

3 Results and discussion
3.1 Microstructure and morphology

Figure 3 exhibits the X-ray diffraction patterns of
Co;0, thin films get ready with diverse testimony
duration times. Peaks specifically related to Co;0,,
namely (111), (220), (311), (400), (422), (511), and
(440) and located at 20 =18.90°, 31.30°, 36.81°, 44.90°,
55.70°, 59.50°, and 64.92°, respectively, are noticeable
in this Figure. These diffraction peaks indicate that the
films are polycrystalline with a cubic spinel structure
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Fig. 3 XRD patterns of Co;0, thin films deposited at different
deposition times
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(JCPDS card no 42-1467) in accordance with several
reported studies [10, 15]. The films came out with a
preferred orientation of (311). The intensity of the
diffraction peaks is seen to augment with prolonged
testimony times. As a result, it can be concluded that
longer deposition duration times improve the mate-
rial crystallinity due better thermal decompositions
of the precursor. This result agrees well with that of
Patel et al. [18] on elaborated Co;0, thin films using
the sputtering technique. Herein, the Co;0, phase is
more stable since no other peaks corresponding to
cobalt oxides like CoO or Co,0; were picked up in
accordance with the reported results of Louardi et al.
[15] and Manogowri et al. [19] who had used the spray
technique.

The films crystallite stature (D) was estimated
from the most intense peak namely (311) using Debye
Scherrer formula [20-22]. Figure 4 depicts the change
of D versus the testimony duration time. It is clear that
D, increases with augmenting the deposition period
time. Such an increase in D reflects the improvement
in the crystallinity of the films, and is in nice accord
with XRD patterns. In fact, prolonged deposition
period times led to a higher Co concentration and a
faster nucleation in the films” growth, and thus yield-
ing a larger Prasada Rao et al. [23] have argued that
this behavior could be attributed to the quantity of
solute (cobalt nitrate) scoping the substrate surface
to make agglomerations or greater crystallites’ sizes.
The strain (¢) values were obtained utilizing the sub-
sequent expression [24, 25]:
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_ Pcosb

The dislocation density () is estimated by the fol-
lowing relation [20]:

=25 @)

Furthermore, Fig. 4 illustrates that the strain and
dislocation density exhibit a decrease proportional
to the increase in deposition time, and vary inversely
proportional to the crystallite size. This reduction
observed in the density of dislocations and deforma-
tion suggests a reduction in imperfections within the
crystal lattice, particularly at the grain boundaries.
The reduction in micro-strain and dislocation density
values suggests the alleviation of stress and the heal-
ing of defects, corresponding to an increase in solute
concentration [26].

The structure of Co;0, films was examined ver-
sus the deposition time using Raman spectroscopy.
The recorded spectra at a laser wavelength of 633 nm
are illustrated in Fig. 5. Five modes are present; the
peaks obtained are characteristic of vibration modes
of the Co-O bond. The wavenumbers at which these
Raman peaks are detected are around 190, 467, 512,
602, and 670 cm™! corresponding to the three sym-
metries phonon F,,, Eg and A, in agreement with
those signaled in references [27, 28]. The Agl mode
is attributed to a vibration that is greatly specified by
octahedral cations where Co™ occupies octahedral
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Fig. 5 Micro-Raman spectra of Co;0, thin films deposited with
diverse deposition times

locations [29]. Fyg5), Fag(3) and Eg modes accounted
for the combined vibrations of tetrahedral and octa-
hedral locations [30, 31]. Meanwhile, F,, ;) is attrib-
uted to tetrahedral locations [32]. The Raman spectra
results confirm the attendance of Co;0, stage with a
cubic spinel structure as deducted from XRD reports.
As shown in Fig. 4, we may observe that the intensity
of peaks augments by augmenting the films’ thick-
ness. Such a behavior is acceptable since the number
of bonds engaged in the vibration mode increases
with the material quantity making up the films (den-
sification of the films).

Figure 6 depicts typical EDS spectra obtained
from part of Co;0, thin films as deposited during the
various undertaken duration times (4, 5, and 8 min).
They confirm the attendance of Co and O making
up the films. Another chemical factors (Si and Ca)
from the substrates are also detected. We can plainly
note that the films” atomic composition is inducted
by the films’ thickness (i.e., the testimony duration).
As a result, the film deposited with brief times (4 and
5 min) led to the formation of O-rich cobalt oxide.
This is attributed to the chemisorbed oxygen from
atmospheric air. Herein, tangible quantities of Si and
Ca of the substrate are detected owing to the thin
thickness of the film. Meanwhile, the films, which
were deposited during 8 min, were Co-rich cobalt
oxide. The atomic percentage of cobalt content in the
films is seen to increase with prolonged deposition
times. Indeed, as the film gets thicker, the intensity of
EDS peaks of Si and Ca are seen to decrease. The film
whose deposition lasted 8 min has a composition
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Fig. 6 EDS spectra of deposited Co;0, films with various depo-
sition periods a 4 min, b 5 min and ¢ 8 min

close to stoichiometry, yielding a ratio of O:Co equal
to 1.33, a value close to ideal [10].

The films surfaces’ morphology is examinedi by
scanning electron microscopy (SEM). Figure 7 depicts
SEM micrographs of Co;0, thin films as prepared
with various deposition times. For shorter deposi-
tion times (i.e., 4 and 5 min corresponding to Fig. 7a
and b, respectively), the surface morphology con-
sists of wire alike structures that are linked cross and
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Fig. 7 SEM micrographs of Co;0, thin films deposited with various deposition periods: a 4 min, b 5 min and ¢ 8 min
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Fig. 8 UV-visible transmittance spectral distributions of the
prepared Co;0, thin films

interconnected. The porosity nature of the 4 min film
was high. The SEM micrograph of the sample that took
8 min to elaborate, shown in Fig. 7c, consists of a dense
surface and contains irregular spindle grains, which
are randomly distributed over the film surface. Owing
to its properties, this sample was chosen as a basis for
a solar cell application.

3.2 Optical properties

The transmittance spectral distributions of the Co;0,
films with different deposition times (from 4 to 8 min)
using UV-visible spectrophotometer are illustrated
in Fig. 8. For the samples whose time to grow took
between 4 and 6 min, these have shown high values of
the transmittance in the near infrared region (IR) and
lower ones in the visible part of the spectrum. This
behavior may be due to the films’ opaqueness. Two
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Fig. 9 Tauc’s plots of Co;0, thin films used for optical bandgap
determination

absorption edges in the spectra of transmittance are
noticeable around 570 and 810 nm. As for the Co;0,
thin film whose deposition time took 8 min, only a
single edge is detected in the near IR (A = 800 nm).
The film showed a very weak light transmission rate
(around 7%), characteristic of the good absorbent
film. These results confirm the existence of two direct
bandgaps in accordance with existing reported studies
[33]. In addition, it is worth noting the decrease in the
films’ transparency from 45 to 7% when augmenting
the time in elaborating the films. Such a behavior may
be due to the film’s thickness.

The bandgap is specific from the plot of (ahv)?* ver-
sus the photon energy (hv) and is shown in Fig. 9. Two
linear areas are distinct, pointing out the existence of
two separate energy accounts of the gap, that can be
attributed to the spin-orbit splitting of the valence
band of Co;0,4. The worth of Eg, that are acquired
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by extrapolating the right linear portion to Y-axis =
(ahv)? =0, are introduced in Table 1. The lower values
of the gap vary between 1.41 and 1.45 eV, are usu-
ally combined with the charge transference (0% —
Co™), whereas the higher worth, whose variations lay
down between 1.47 and 2.02 eV, are coupled to the
charge transference (O? — Co*?). These founding’s
are in right accordance with the reported datum [34,
35] and which suggests the possibility of valence band
degeneracy.

According to Table 1, it is notable that E,; exhibits a
decreasing trend with the increase in deposition time,
indicating a concurrent increase in the film thickness.
This trend is coupled with a decline in the values of
E;q, ranging from 1.34 to 1.27 eV. The change in the
optical gap can be elucidated by the growth in crystal-
lite size within thin films, which is associated with the
quantum size effect. This phenomenon implies that the
crystallite size grows proportionally with the thickness
of the film. Additionally, the reduction in the band-
gap energy may be correlated with a tendency towards
decreasing deformation and dislocation density (as
shown in Fig. 4), influencing the inter-atomic spacing
of the semiconductors and, consequently, impacting
the gap energy. In summary, the observed variations
in the optical properties of the films appear intricately
linked to parameters such as thickness, crystallite
size, and crystal enhancement [35, 36]. This enhance-
ment is a consequence of the stoichiometry of the
film network, suggesting that defects and impurities
originating from interstitial O atoms diminish as the

Table 1 Optical energy-gaps and Urbach’s energy of prepared
Co;0, thin films
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deposition time increases. Consequently, we observe
a reduction in the optical gap and Urbach energy with
the prolonged deposition time (Table 1). Ravi Dhas
et al. [26] prepared Co;0, films with different solu-
tion molarities (0.05-0.20 M) through nebulizer spray
technique.The value E,; indicates the true band gap of
Co030,.The variation of E,; (2.1 eV-1.75 eV) manifests
a red shift, which may be correlated to the crystalline
defects such as dislocation, stress, and stacking faults
reduced with increase in solution concentration. It is
evident that the sample fabricated for 8 min exhib-
its reduced gap energy, which results in significant
absorption at lower wavelengths. These characteristics
make these films promising candidates as absorbent
layers in solar cell manufacturing.

3.3 Electrical properties

The electrical properties of Co;0, thin films are char-
acterized at room temperature using the Hall Effect
technique. The carrier concentration, Hall mobility and
electrical resistivity are presented in Table 2. Accord-
ing to Hall constant sign, all prepared thin films were
p-type conductive [37, 38]. The increase in the resistivity
is presumably owing to the decrease in clear carriers’
concentration. The resistivity of Co;O, films depend
on the structure and the content in oxygen. As for the
electrical resistivity (1.46 x 107! Q.cm) found of the film,
whose deposition time took 4 min, it is probably due to
an increase in oxygen content and adsorbed close to the
film surface. Furthermore, under ambient conditions,
Co30, films adsorb oxygen from the air and create sur-
face states. These surface states allow the electron to
be excited from the valence band and, therefore, more
holes are induced (in addition to holes induced by the
non-stoichiometry of the oxygen lattice) in p-type Co;0,

Sample Eyt (V) Ep (V) Eur (V) Fu (V) crystallites. This result goes well with the EDS data
4 min 1.34 1.51 0.8 0.69 (Fig. 6). Yadav et al. [38] studied the impact of substrate
5 min 1.33 1.53 0.78 0.67 temperature for the film resistivity, and concluded that
6 min 1.29 15 0.76 0.65 the microstructure of the films performs an interest-
8 min 1.27 - 0.75 - ing part on the electrical properties of a semiconductor
Table 2 E.lectricall resistivity, Sample Resistivity, (Q.cm) Hall mobility, Carrier concentration, Thickness,
Hall mobility, carriers’ 2 3
concentration and thickness (cm/Vs) (em™) (nm)
of the prepared Co;0, thin 4 min 1.46x 107! 0.29 2.70x 107 450
films 5 min 2.22 1.03 1.99%10'¢ 504

6 min 5.834 2.68 3.123x 10" 663

8 min 7.94 6.23 2.414x 10" 913

@ Springer
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oxide. Moreover, Martinez-Gil et al. [39] have elaborated
Co;0, films by chemical solution deposition at different
annealing temperatures of 200-400 °C. They reported
that the resistivity of the films decreases (4.29 x 10° to
1.46 x 10* Q.cm) ; possibly this is due to the incorpora-
tion of oxygen in the films that in turn generates holes
that reduce the resistivity of the films. The possible fac-
tor that may contribute to the increase in resistivity is
the reduction in dislocation density. This decrease can
lead to a more ordered crystal structure. This observa-
tion is consistent with the Urbach energy data presented
in Table 1. Although this can have a positive impact
on charge carrier mobility (Table 2), the simultaneous
reduction diffusion sites can also play a role in increas-
ing resistivity. Furthermore, larger crystal grains, associ-
ated with an increase in crystallite size, can influence the
interactions between charge carriers and grain bounda-
ries. Additionally, diffraction of charge carriers through
larger crystallites can also contribute to the increased
resistivity. Moreover, the augmentation in resistivity can
be attributive to an augmentation in Co™ with increas-
ing deposition times. This reduces the holes responsible
for electrical conduction by hopping. It is essential to
highlight a little article on the resistivity values of cobalt
oxide thin films deposited by spray pyrolysis. However,
research on cobalt oxide films deposited by sputtering
[40] and atomic layer deposition [41] highlights high
resistivity values, ranging between 100 and 10% (Q.cm)
compared to our study. This finding is explained by
X-ray diffraction analyses, which reveal that current thin
films, compared to other deposition methods, exhibit
high crystalline with large crystals and a low amount
of grain boundaries.

Figure 10 shows how the crystallite size and the
mobility vary as function of the time taken to deposit the
film. It is observed that mobility is augmented from 0.29
to 6.23 cm?/Vs with the augmentation in the crystallite
height which is attended by a diminution in corn con-
fines. It is to remind that the electrical transport estates
of films are ruled by carrier trappings at corn limits and
belongs fundamentally on the morphology of the mate-
rial and the status of evidence.

3.4 I-V characteristics
3.4.1 Current—voltage under darkness
Figure 11 depicts the current-voltage representatives

recorded for the structure p-Co;0,/n-Zn0O prior and
after annealing at 300 °C for 60 min. Herein, the film

@ Springer
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Fig. 11 I-V characteristics measured in darkness before and
after annealing of the hetero-junction p-Co;0,/n-ZnO

used in this structure is whose deposition time lasted
8 min. As shown in the Figure, the obtained curves
advertise a rectifying diode behavior, an indication
of a hetero-junction successful realization. Prior to
annealing, the structure presented a high reverse cur-
rent. This large leakage current is probably due to
localized states at the p-Co;0,/n-Zn0O interface. Fol-
lowing the annealing process, an improvement in the
I-V characteristic is observed and is due probably to
defects healing that led to the reduction of the inter-
face states located at the level of the junction causing
the leakage current.

The analysis of the apparatus current-voltage (I-V)
representatives brings out useful data on the junction
parameters like: series resistor (R,), ideality factor
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(n), saturation current (I;). These are depicted by the
relation:

14
I(V):Is<exp <;jk_T> —1>, 3)

here k is the Boltzmann constant, T the absolute tem-
perature, q the basic electronic charge, n the perfect
coefficient and I, the saturation current.

The perfect coefficient, n, has been obtained from
the slope of the linear portion of the plot of front
deformed diode event and is specified as:

_ 1 (_dv_
"TRT <d(ln(l))> @)

According to the data presented in Table 3, the
process of annealing led to a diminution in the series
resistance and an augmentation in the saturation cur-
rent. This is due to an improvement of the interface
quality, either of structural origin or a readjustment
of impurities. The increase in I, with the temperature
is due to the recombination of free carriers at the inter-
face, that has also originated a decrease in the short
circuit current (I,.) [38]. The perfect coefficient (n) is
determined according to Schottky diode equation and
typically scales between 1 and 2, taking down on the
manufacture process and semiconductor, it is utilized
to establish which transport mechanism through the
hetero-junction is prevailing. When n is equal to 1, dif-
fusion is the main mechanism, however when n<?2,
recombination and generation in the depletion layer
is the prevailing. Based on the obtained ideality factor
value of 1.64 (>1) after annealing, this indicates that
the generation-recombination process at the depletion
layer is the dominant transport mechanism in the het-
ero-junction. However, before annealing the n=23.87
(>2), this proposes the attendance of interface states
and defects in the interval of charge area that act as
traps for charge transporters [42-44].

The realized devices were tested under illumination
using a diodoscope (Tektronix), which is equipped
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with a halogen lamp of 100 mWem™ intensity. Fig-
ure 12 shows the current—voltage characteristic meas-
urements at room temperature of the p-n hetero-
junction for the Co;0, film deposited at 8 min with
and without light. The photoelectric effect is clearly
noticeable by looking at the I-V characteristics; the
downward shift of the I-V characteristic is typical in
solar cells’” behavior under illumination. From Fig. 12,
the open circuit voltage (V,) is equal to 369 mV and
the short circuit current (I,.) is being 1.302 mA. These
values yield a fill factor FF of 32%. The same behavior
was observed by Rana et al. [45] by studying Co;0,/
ZnO hetero-junctions deposited by the sputtering dep-
osition technique, under the light illumination. The
p-Co30,/n-ZnO shows a prominent photovoltaic effect
with V. =165 mV and Ig- = 76 pA. It's noteworthy
that we observe an enhancement in the photovoltaic
parameters achieved in this study under light exci-
tation. This improvement serves as evidence of the
efficacy of our absorbent material, which is derived
from cobalt oxide produced through spray pyrolysis,
in comparison to the supporting method.

4 Conclusions

In the present investigation, we have studied the
impact of the deposition time on the structural, mor-
phological, optical and electrical properties of thin
layers of Co;0, deposited on glass substrates utiliz-
ing the spray pyrolysis technique. X-ray diffraction

I(mA)7 ]
64

Drakness|
—— Light

Table 3 Electrical transport parameters of the heterojunction 0.5 1.0
p-Co0;0,/n-Zn0 before and after annealing without light viy)
Hetero-junction FTO/ R,, (©) n I, (A)

Zn0O/Co;0,/Au

Before annealing 88.26 3.87 4.193%x 1074 . . . .

After annealing 63.69 164 125% 103 Fig. 12 I-V characteristics of the hetero-junction FTO/ZnO/

Co;0, with and without light
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revealed polycrystalline kind for all films with a
favored crystalline orientation along the (311) plane
once the deposition time was varied between 4 and
8 min. The crystallite size is smaller with augmenting
the deposition time. Raman spectroscopy confirmed
Co;0, films’ single-phase structure. The morpho-
logical analysis carried out using SEM has clearly
illustrated the high porosity character observed in
the film deposited at 4 min. Meanwhile, the film,
whose deposition time took 8 min, depicted a dense
surface that contains irregular spindle grains, which
were randomly distributed all over it. The transmit-
tance of elaborated thin films diminished with longer
time taken in the deposition. The band gap changed
between 1.27 and 1.43 eV in the low-energy region,
while in the high-energy region, the gap varied
between 1.47 and 2.02 eV. The films, whose synthesis
took 8 min, exhibited a gap energy value of 1.27 eV
and a strong absorption at lower wavelengths, that
is appropriate for solar cells applications. The films
were all p-type conducting. Their conductivity and
free carrier concentration decreased with augment-
ing the deposition time. A hetero-junction structure
p-Co50,/n-Zn0O has been realized, based on the film
whose deposition time was 8 min, and subjected to a
heat treatment process. The hetero-junction exhibited
a good rectifying conduct with a perfect coefficient
varying between 3.87 and 1.64. The heat treatment
has significantly improved the electrical properties
of the hetero-junction by reducing its reverse current
and its series resistance. The best optoelectric results
are obtained for the cobalt oxide film produced at
8 min which allows the creation of the p-Co;04/n-
ZnO junction where the photovoltaic characteristics
are: V. =369 mV in open circuit, I,.=1.302 mA and
FF =28%. A comparison with the results reported in
the literature against the deposition method clearly
indicates that the spray pyrolysis technique shows
improvement in different characterizations.
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