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Abstract: Semiconductor superlattice thin films of CdSe/CuSe were successfully deposited on microscopic glass
substrates using SILAR deposition technique. Three SILAR cycles were optimized and the films were subjected for SEM,
EDX, UV-Vis and XRD analysis prior to annealing at 423 K for 60 minutes to determine their properties for photovoltaic
applications. The SEM image of the CdSe/CuSe superlattice thin film shows the surface contained agglomerated mass
of interconnected spherical-like nanoparticles of different sizes. The result of the EDX analysis indicated that more of
the Cu-Se atoms are deposited compared to Cd-Se atoms. The optical properties of the films showed that the absorbance
and extinction coefficient of the films increased with increase in the SILAR cycles. The film deposited after 10 cycles
has the highest absorbance value in the range of 0.75-0.45 in the VIS region and 0.45-0.50 in the NIR, while the film
deposited at 2 cycles has lowest value of 0.20-0.10 in the VIS and 0.10 in the NIR region. The bandgap energy was found
to decrease as the number of SILAR cycles increased and values obtained are 2.00 eV, 1.95 eV and 1.90 eV for the films
deposited at 2, 6 and 10 cycles respectively. These bandgap values are in the range suitable for thin film solar cell and
many other optoelectronic applications. Structural analysis revealed that films subjected to a higher number of SILAR
cycles exhibited enhanced crystallinity. As the number of SILAR cycles increased, the average crystallite size of the
CdSe/CuSe films grew larger. Simultaneously, the dislocation density and micro-strain within the films decreased
progressively with the increase in the number of cycles from 6 to 10.
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1. INTRODUCTION

The stepping up of research in electrical energy generation using thin film photovoltaic systems and solar energy
technology have continued to serve as the major contributors of the ongoing energy transition. Though about 1.7% of
world electricity is provided by solar cells system considering that entire adsorbed solar energy by the earth is
approximately 1 x 10?? J per day [1]. Studies have shown that thin film solar energy system has a very great bound for
clean and green energy and can serve as a source of energy supply with the capacity to face the long-term energy demands
in the world [2, 3]. The properties and efficiency of solar photovoltaic cells are established around the photoelectric effect
happening on the semiconductor materials used. In this regard, when the semiconductor material absorbs a photon; there
is an electron gain of the energy linked to that photon. These semiconductor materials have nanocrystalline structures
and thus possess an unusal size-dependent and electrical characteristic which is described by valence and conduction
electrons only in selected values of energy regardless of a forbidden band energies called energy gap that is bridging the
valence and conduction electrons [4].

Transition metal chalcogenides based thin films devices have contributed much because of their technological
significance in several applications in photoelectric, photocatalysis, and energy harvesting and storage devices [5, 6].
Cadmium selenides (CdSe) and copper selenides (CuSe) are important examples of these metal selenides. CdSe is a I1-
VI semiconductor with n-type conductivity while CuSe is a I-VI semiconductor compound with p-type conductivity due
to copper vacancies which has both direct and indirect bandgap; a property which is useful in the solar cell production
[7, 8]. Synthesis of CdSe thin films has been achieved using various deposition methods such as thermal evaporation [9-
11], sputtering [12, 13], electron beam evaporation [14,15], molecular beam epitaxy [16], pulsed laser deposition [17],
spray pyrolysis [18, 19], sol gel spin coating [20], chemical bath deposition [21-24], electrochemical deposition [25, 26]
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and spin-coating method [27]. On the other hand, CuSe thin films have also been synthesized using various deposition
techniques such as chemical bath deposition [28-30], thermal evaporation technique [31], electrodeposition method [32-
36], spin coating, spray pyrolysis and successive ionic layer adsorption and reaction (SILAR) methods [37].
Furthermore, researches have been focusing recently on different techniques for improving the properties of these metal
selenides by synthesizing them in superlattice form which have promising properties that make them good materials for
solar cell device application. Semiconductors Superlattice are structures consisting of alternating layers of two different
semiconductors materials, for example AlAs/GaAs, ZnS/CdS, GaAs/GaAs:xPx, Ge/GaAs, and ZnO/MgO etc. It is a
structure where two different materials are grown to a specific thickness in alternating layers [38]. The two different
materials possess different bandgaps, which leads to discontinuities in both the conduction and valence band [39].
Hamilton et al have synthesized thin film CdSe/CuSe photovoltaic on a flexible single walled carbon nanotube substrate
[40]. Xu et al studied the surface modification and enhancement of luminescence due to quantum effects in coated
CdSe/CuSe semiconductor nanocrystals [41]. Kalyanikutty et al has also fabricated and studied the ultra-thin crystalline
films of CdSe and CusSe that was formed at an organic-aqueous interface [42].

In this research, we fabricated the superlattice thin film structures of CdSe/CuSe using successive ion layer adsorption
reaction (SILAR) method to study their properties. This method is preferred because it is inexpensive and convenient for
large surface area deposition.

2.1 Materials and Method

The materials used in the preparation of the superlattice thin films of CdSe/CuSe in this work include: Cadmium chloride
(CdCly), Copper (II) acetate (Cu(CH3sCOOQ),), Selenium (IV) oxide (SeO,), Sodium borohydride (NaBH4), Acetone
[(CH3).CO] and Trioxonitrate (V) acid (HNOs) supplied from Sigma-Aldrich. Other materials used are microscopic
glasses and distilled water which were used as substrates and reaction medium respectively. The method employed in the
deposition of the superlattice thin films is successive ionic layer adsorption reaction (SILAR) method.

2.2 Experimental Procedure

The microscopic glasses used as substrates were initially soaked in concentrated solution of trioxonitrate (V) acid for two
days and afterwards washed with detergent-water solution before being rinsed with distilled water. The substrates were
subsequently ultra-sonicated in solution of acetone in water of volume ratio (3:1) for 30 minutes at 50°C. Finally, the
degreased substrates were rinsed 3 times with distilled water and dried in an electric oven at 60°C for 30 minutes. The
reacting masses of the preferred molar solutions for the pecursors of Cd?*, Cu?* and Se? sources were prepared by
dissolving the approptiate masses of the compounds in distilled water using the relation as given by [43].

Molarityxmolar massXxvolume
1000

Reacting mass =

For the formation of the CdSe/CuSe superlattice thin films, CdSe films were first prepared on the glass substrate using
four beakers in which the first beaker labeled A containing cationic precursors (CdCl.) the second beaker labeled B
containing ionic exchange medium (distilled water), beaker C containing anionic precursor (NaHSe) and the beaker
labeled D contains ionic exchange medium (distilled water).

The complete SILAR cycle involved the following steps;

Immersion of the cleaned glass substrates in the beaker (A) containing Cd?* precursor solution for 40 s to absorb Cd?* on
the surface of the substrate.

The substrates were rinsed distilled water for 10 s to remove excess Cd?* that are loosely adherent to the glass substrates
(from the previous step).

The substrates were then immersed in the anionic precursor solution of freshly prepared NaHSe for another 40 s. The
selenide (Se?) ions reacted with the absorbed Cd?* on the active center of the substrates to form metal selenide films
(Cdse).

Again, the substrates were rinsed in distilled water for 10 s to remove loosely bound ions present on the substrates and
unreacted cations and anions and this completed one cycle. These steps were repeated one more time and three samples
of CdSe thin films were deposited at different SILAR cycles of 2, 6 and 10 on the glass substrates.

The quantities of the precursors used for the deposition of CdSe thin films are displayed in Table 1
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Table 1: Optimization of number of SILAR cycles for cadmium selenide thin films

Bath Name Beaker A Beaker B Beaker C Beaker D | Number
of SILAR
0.2 M (Cd?) H20 NaHSe H.O Cycle
Vol (ml) Vol (ml) Vol (ml) Vol (ml)
CdSe2 80 80 80 80 2
CdSe6 80 80 80 80 6
CdSel0 80 80 80 80 10

The three deposited thin films of CdSe on the glass substrates were thereafter used as potential substrates for deposition
of the CdSe/CusSe superlattice thin films. The steps taken above for the deposition of the films of CdSe were followed
with the cationic precursor Cd?* in beaker A replaced with solution of Cu?* ion source. The three thin films of CdSe/CuSe
were deposited after 2, 6 and 10 cycles and were annealed at temperature of 423 K for 60 minutes. The optimized
parameters for the deposited films are shown in Table 2.

Table 2: Optimization of number of SILAR cycles for CdSe/CuSe Superlattice thin films

Bath Name Beaker A Beaker B | Beaker C | Beaker D | Number  of | Annealing
SILAR Cycle | temp. (K)
0.2 M (Cu?*) | H20 NaHSe H20
Vol (ml) Vol (ml) Vol (ml) Vol (ml)
CdSe/CuSe2 80 80 80 80 2 423
CdSe/CuSeb 80 80 80 80 6 423
CdSe/CuSel0 | 80 80 80 80 10 423

2.3 Material Characterizations

The deposited thin films were subjected for morphological, compositional, optical and structural characterizations using
scanning electron microscopy (SEM), energy dispersive spectroscopy (EDX), and UV-VIS spectroscopy and x-—ray
diffraction method to determine their morphological, compositional optical and structural properties. The thickness
values of the deposited thin films were characterized using gravimetric method

3. RESULTS AND DISCUSSIONS

3.1 Morphological properties the deposited thin films

The SEM micrograph of superlattice thin films of CdSe/CuSe deposited at the different number of SILAR cycles of 2, 6
and 10 is displayed in figure 1. From the figure, it is observed that the surface of the CdSe/CuSe superlattice thin films
contained agglomerated mass of interconnected spherical-like nanoparticles of different sizes. Different particle sizes of
44.78 nm, 36.12 nm and 47.65 nm were obtained for films deposited at 2, 6 and 10 SILAR cycle respectively.

Copyright to IMRJR imrjr.com Page | 26


https://imrjr.com/

Multidisciplinary A Peer-reviewed journal

Research Journal Volume 1, Issue 4, December 2024

Q International International Multidisciplinary Research Journal Reviews (IMRJR)
Reviews (IMRJR)

DOI 10.17148/IMRJR.2024.010403

6 cycles |

SEM HV: 5.0 kV SEM MAG: 50.0 kx
View field: 4.15 ym WD: 5.32 mm
Det: In-Beam SE  Date(m/dly): 02/07/22 University of Cape Town

3 C
SEM HV: 8.0 kv SEM MAG: 50.0 kx

View field: 4.15 ym WD: 5.24 mm
Det: In-Beam SE  Date(m/dly): 02/11/22

- v o - -
SEM HV: 5.0 kV SEM MAG: 50.0 kx [
: 4.15 pm WD: 4.97 mm 1 pm
eam SE | Date(midly): 02/08/22 R

Figure 1: SEM images of the CdSe/CuSesuperlattice thin films deposited at SILAR cycles of 2, 6 and 10

3.2 Compositional properties

The EDX spectral patterns obtained from the EDS analysis carried out on the deposited CdSe/CuSe superlattice thin films
for the SILAR cycles of 2, 6 and 10 are shown in figure 2. The EDS spectra confirms the presence of copper (Cu),
selenium (Se) in addition to elements like carbon (C), oxygen (O), sodium (Na), Magnesium (Mg), silicon (Si) and
calcium (Ca). Absence of cadmium in the films could be as a result of weak intercalation of the layers of cadmium
selenide and copper selenide thin films. These other elements may be due to the composition of the microscopic glass
used for the deposition. The atomic percentages of the elements present in the deposited thin films were presented along
with the EDS spectra. It was observed from the figure that increase in SILAR cycle favored the deposition of more layers
of copper selenide thin films.
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Figure 2: EDS spectra of CdSe/CuSe superlattice thin films deposited under different SILAR cycles of 2, 6 and 10.

3.3 Optical properties

Figure 4 is the graph of absorbance against wavelength for the CdSe/CuSe superlattice films deposited at different SILAR
cycles measured from vis-spectroscopy machine. The graph showed that the absorbance of the films increased with an
increase in the number of SILAR cycles. The absorbance decreases with an increase in wavelength in VIS region but
tend to constant values for each of the films in the NIR region. The absorbance of the films of the CdSe/CuSe deposited
after 10 cycles has the highest value in the range of 0.75 — 0.45 in the VIS region and 0.45 — 0.50 in the NIR. On the
other hand, the film deposited at 2 cycles has lowest value of 0.20 — 0.10 in the VIS and 0.10 in the NIR region.
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Figure 4: Graph of absorbance against wavelength for CdSe/CuSe thin films
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The graph of transmittance against wavelength for deposited superlattice films is dispayed in figure 5. The graph show
that the transmittance of the films is high but decreased with an increase in the number of SILAR cycles. The
transmittance increases with an increase in wavelength in the VIS region but tends to constant values for each of the films
in the NIR region. Maximum transmittance of 77.81% at 1100 nm (NIR region) was observed for film deposited at 2
SILAR cycles while minimum value of 17.28 % at 335 nm (UV region) was observed for film deposited at 10 SILAR
cycles. The graph thus showed that the superlattice films have higher transmittance in the NIR region of electromagnetic
spectrum and can be used for cold mirror and poultry house coating applications.

The transmittance of the films was evaluated using the relation as given by [44].

T=10"4 1

Where A is the measured absorbance of the films.
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Figure 5: Graph of Transmittance against wavelength for CdSe/CuSe thin films

22 =

= N
oo o

Ay
()]

Reflectance (%)
NN

[Eny
o

—a— 10 cycles
—a— 6 cycles
—o— 2 cycles

6 L] L] L] L] L] L] L] L] L]
300 400 500 600 700 800 900 1000 1100

Wavelength A (nm)
Figure 6: Graph of Reflectance against wavelength for CdSe/CuSe thin films

Figure 6 shows the graph of reflectance against wavelength for the deposited thin films of CdSe/CuSe at different SILAR
cycle variations. From the graph, it is observed that the reflectance of the films is ganerally low with maximum reflectance
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of 21% exhibited by the film deposited at 8 cycles throughout the VIS and NIR regions. The reflectance increased with
an increase in number of SILAR cycles in the NIR region but the maximum reflectance is exhibited by the film 8 cycles
in VIS region. The low reflectance exhibited by the films position them for anti-reflection coating applications. The
reflectance was calculated using the relation between absorbance (A), transmittance (T) and reflectance (R) as given by
[45].

R=1—-(T+A4) 2
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Figure 7: Graph of Refractive index against wavelength for CdSe/CusSe thin films

Figure 7 is the graph of refractive index against wavelength for the deposited thin films at different SILAR cycles. The
refractive index was evaluated using the formula given by [46]

1+R 4R
TI:E-I_ (1—12)2_k2 3
Where K is the extinction coefficient of the films.
The graph showed similar trend to reflectance but the refractive index of the films is generally observed to be high with
maximum value of 2.60 exhibited by the films deposited at 8 and 10 cycles in the VIS and NIR regions. The refrative
index of the films thus increased with an increase in SILAR cycles in the NIR region while in the VIR region, it initially
increased with an increase in SILAR cycles up to 6 and 8 cycles and thereafter decreased to lower values in the range of
1.65 —2.60 in the region as number of cycles increased to 10 cycles. The range of refractive index of the films in the NIR
is 1.85 — 2.60.
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Figure 8: Graph of Extinction coefficient against wavelength for CdSe/CuSe thin films

The plot of extinction coefficient of the superlattice thin films of CdSe/CuSe as a function of wavelength is displayed in
figure 8. From the figure, it can be seen that the extinction coefficient of the films is low but increases with an increase
in the number of SILAR cycles and wavelength in the NIR region of electromagnetic spectrum. However, the film
deposited at 6 cycles has maximum value of 0.30 at wavelength of 450 nm (VIS region) while the films deposited at 2
and 4 cycles have minimum value in the range 0.10 to 0.15 as wavelength increased to 500 nm. The low values of
extinction coefficient exhibited by the superlattice films of CdSe/CuSe make them good materials for solar cells and
photodetector applications regarding the high transmittance in the NIR region. The extinction coefficient of the films was
calculated using the relation given by [47, 48].

k=% 4

4
Where a and A are the absorption coefficient and wavelength respectively.
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Figure 9: Plots of (c¢hv)? against photon energy for CdSe/CuSe thin films

The plots of (ahv)? against photon energy for determination of bandgap energy of the superlattice films of CdSe/CuSe
deposited at different SILAR cycle variations is presented in figure 9. Energy bandgap values of the superlattice thin
films obtained by extrapolation of the straight part of the graph to the photon energy axis at (ahv)? equals to zero were
found to be 2.00 eV, 1.95 eV and 1.90 eV for 2, 6 and 10 cycles respectively. These energy bandgap values are in the

solar spectrum range and thus could be used in thin film solar cell and many other optoelectronic applications. The
bandgap energy was evaluated using the Tauc relation as given by [49].

ahv = B(hv — Eg)" 5

Where v is the frequency, h is the planck constant, E is the bandgap energy, B is a constant and n is the transition form
factor (REF).

34 Film thickness properties

Figure 10 is the plot of film thickness against number SILAR cycles for the deposited CdSe/CusSe thin films. The plot
showed that the thickness of the superlattice thin films was found to increase from 112.50 to 152.50 nm as number of
SILAR cycles increased from 2 cycles to 10 cycles. This observed increase in film thickness could be ascribed to
formation of multilayered nanostructure of cadmium selenide and copper selenide on the surface of the microscopic

substrates as number of SILAR cycle increases. Similar trend of increase in film thickness of SILAR deposited thin films
as number of SILAR cycles increases has been reported by (50-52).
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Figure 10: Plot of film thickness against SILAR cycle for the CdSe/CuSe superlattice thin films

35 Structural properties

Figure 3 shows the x — ray diffraction patterns of as-deposited CdSe/CuSe thin film and CdSe/CuSe thin films deposited
at 2, 6 and 10 SILAR cycles of CdSe and CuSe thin films respectively. The x — ray diffractogram of CdSe/CusSe thin film
deposited at 2 SILAR cycles showed weak peak that could not be assigned to any phase of either CdSe or CuSe. The
observed weak peak could be due to crystallographic defects, strain, or amorphous regions within the interfacial region
of the grown superlattice thin film. These can arise due to the early stages of growth and incomplete crystallization during
the initial SILAR cycles. Amorphous or poorly crystalline materials can produce broad and weak diffraction peaks that
do not correspond to well-defined crystalline phases. Diffrractogram of SILAR deposited CdSe/CusSe thin films deposited
at 6 and 10 SILAR cycles showed peaks at 28.123 °C, 31.056 °C and 46.102 °C with miller indices of (101), (006) and
(110) were attributed to hexagonal phase of copper selenide with klockmannite as mineral name. These peaks
corresponded to peaks in the standard Powder Diffraction File (PDF) card number 00-034-0171 for hexagonal CuSe.
While two peaks observed at 25.533 °C and 41.932 °C with miller indices of (002)* and (110)* were attributed to
hexagonal phase of CdSe with mineral name cadmoselite which corresponded to standard Powder Diffraction File (PDF)
card number 00-008-049. The diffraction spectra showed an increase in intensity as number of SILAR cycle increases.
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Figure 3: XRD pattern of cadmium selenide/copper selenide (CdSe/CuSe) thin films deposited at 2, 6 and 10 SILAR
cycles.

Structural properties such crystallite size, dislocation density and micro-strain were calculated using well known

expressions. The crystallite size (D) was calculated using Debye — Scherrer’s formula in equation as given by [53].
092

= 6
B cos 6
The dislocation density (&) of the films was approximated using expression by [54]
1
5 = E 7
Micro-strain () of the deposited films were approximated using expression as presented by [55]
B
&€= 8

" 4tané

Where g is the full width half maximum (FWHM) of the witnessed 26 angles, 6 is the diffraction angle, n equals to 1 at
minimum dislocation density while 4 is the wavelength of Cu — ko radiation (1.54059 A) used for the x — ray diffraction
experiment. Average crystallite size of the films deposited at 6 and 10 SILAR cycles were found to be 28.59 nm and
31.24 nm. Also, dislocation densities of the films were found to be 5.74 x 10> lines/m? and 5.18 x 10*5 lines/m? while
micro-strain values of the films were found to be 8.09 x 1073 and 7.41x 1073 . This showed that increase in number of
SILAR cycles resulted to enhancement in crystallinity of CdSe/CuSe superlattice thin films. These trends highlight that
increasing the number of SILAR cycles enhances the overall crystalline quality of the thin films, making them structurally
more uniform and stable. This improvement is crucial for applications where the optical and electronic properties of the
films are sensitive to their crystallinity and defect levels.

CONCLUSION

CdSe/CuSe superlattice thin films synthesized using successive ion layer adsorption reaction (SILAR) technique were
characterized using SEM, EDX, XRD and UV-VIS spectroscopy analysis to determine their properties for desired
applications. The result of SEM analysis showed that CdSe/CuSe superlattice thin films contained agglomerated mass of
interconnected spherical-like nanoparticles of different sizes. The EDX characterization showed that the deposited films
constitute most of the required elements but copper and selenium been favored most as the number of SILAR cycles
increased. The results of the optical analysis showed that the absorbance and extinction coefficient of the films are low
but increased with an increase in the number of SILAR cycles. The films generally have low reflectance with the
maximum value of 21 % in the VIS/NIR regions while the transmittance is high but decreased with increase in SILAR
cycles. The bandgap energy values were found to be 2.00 eV, 1.95 eV and 1.90 eV for films deposited at 2, 6 and 10
cycles. These bandgap values are in the solar spectrum range and could serve as thin film solar cell and many other
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optoelectronic applications. Structural analysis of the films showed that films grown with high number of SILAR cycles
had improved crystal structure. The average crystallite size of the CdSe/CuSe films was found to increase as number of
SILAR cycles increased while dislocation density and micro-strain was found to decrease with increase in number of
SILAR cycles from 6 to 10.
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