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Abstract—The current global shortage of electrical power, among other types of energy, is creating immense suffering among the world's
human population, according to this study. An analysis was conducted numerically using the Solar Cell Capacitance Simulator (SCAPS-
1D) on thin-film solar cells based on copper oxide (CuO). Therefore, this state of affairs has evolved into the core concept of the ongoing
investigation into improving photovoltaic power generation. Investigations on the effects of different Back Surface field (BSF) layers
on photovoltaic system performance included a wide range of BSF layers, including as CuSbS2, ZnTe, CuTe, and SnS. To examine
specific characteristics, the selected absorber and its associated back surface field (BSF) layers were modified by varying their
thicknesses. Voltage open-circuit (VOC), current density in a short circuit (J SC), fill factor (FF), and total power conversion efficiency
(n) were the variables that were used. Because of this, we were able to look at these crucial parts. Upon examining the results and
configurations achieved, the ZnTe BSF layer was found to have the highest efficiency at 32.68%. There has also been an investigation
into how the device's performance is affected by its operating temperature, which is an extra interesting topic. The results show that
efficiency generally decreases as temperature increases. This situation has arisen because of an increased reverse saturation current
and a higher recombination rate.
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I INTRODUCTION material for absorbing the solar spectrum [3]. It is a suitable
. choice for absorber layers in thin-film solar cells because it
Solar cells are one of the most effective ways to harness can be created at low temperatures, is safe for humans and the

solar energy and convert it into electricity [1]. A solar cell is environment, is affordable, and can be stretched during
one type of device that can capture sunlight. [2] Silicon has fabrication [4].

been the ideal material for solar systems for a very long time.
One possible reason for all of this is that it's simple to obtain
alot of silicon, and the process of producing silicon has grown
a lot better over time. As a result, extensive research has been
conducted on various materials that can absorb light, are
inexpensive, operate efficiently, and are easy to manufacture.
On the other hand, silicon-based solar cells are more
expensive and less efficient than other types of solar cells.
CuO, or copper oxide, is a kind of semiconductor that belongs
to the p-type group. Copper oxide is a kind of semiconductor.
The band gap in copper oxide is a straight line and can range
between 1.3 and 1.51 electron volts. This makes it an excellent

Solar light is a reliable form of sustainable energy that
doesn't use up the Earth's resources and doesn't generate noise
or pollution. Solar light is a source of energy that is always
available. It can provide us with more energy than the fossil
fuels and oil supplies already available on Earth. These are
two kinds of energy that cannot be replenished. Using
renewable energy, which utilizes many solar cells, is a more
effective solution to address this problem. The development
of solar cells has progressed significantly from one generation
to the next. The two most significant drawbacks of solar cells
are that they are costly and have limited efficiency [5].
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Researchers have been working diligently on a range of
materials over the past few decades to meet the ongoing
demand for the three most crucial factors: affordability,
efficiency, and lifespan.

Thin film solar cells have performed very nicely
historically [6]. Affordable, very stable, with a high
conversion efficiency, Cu(In,Ga)Se2 (CIGS) has a band gap
that one may change. Given its high absorption coefficient of
about 107 m—1 [7], CIGS is a useful and interesting material
for solar applications. It can accommodate enough of light.
In the laboratory, authors [8] found that regular baseline
structured CIGS solar cells had greatest efficiency now at
22.67%. Their knowledge came from the lab. Whereas the
letter x (x = Ga/Ga + In) speaks for the amount of Ga in the
CIGS sample, the symbol Eg denotes for the band gap in
electron volts. By reducing the absorber layer size in CIGS
samples, researchers have been trying to lower the cost of
these materials. Hard to obtain and expensive, the Ga (
Gallium) and In ( Indium) components used in CIGS
experiments [9].

We now understand that the efficiency of solar cells is
influenced by three components. According to a past work
[10], the process consists of three steps: breaking up excitons,
eliminating charges, and either transporting or collecting the
produced charge carriers. When recombination happens at
the rear surface and the contact interface between the
semiconductor and the metal substrate [11], solar cells
perform less as well. Selecting a back contact metal with a
suitable work function is crucial if one wants to create a solar
cell as effective as feasible. [12] a Schottky-barrier contact
develops between the metal electrode and the CIGS absorber
layer. Center of the other is this interaction. This is so as most
metals lack high enough work capabilities to be regarded as
outstanding. The Schottky barrier can greatly affect the -V
characteristics of CIGS cells [13]. It makes an ohmic contact
with the CIGS absorber layer by selecting a metal of great
quality with a high work function, therefore preventing
migration of holes. This is thus true as the layer of CIGS
absorbers is semiconductor. One often used approach to solve
this is heavy doping. As seen in [14], it offers an extra layer
of back surface field (BSF) depending on the suitable
material. This layer either makes the barrier less wide or
shorter [15]. Another aim of this layer is to separate the CIGS
and final metal back contact. The circuit runs from the CIGS
to the final metal back contact. This stratum straddles the two.
Research on how to improve CIGS solar cells by including a
rear surface field layer [16], [17] both theoretically and
experimentally.

This work mixed theoretical and experimental methods.
According to [18], [19], [20], [21] theoretical efficiency for
CIGS thin-film solar cells is 21.3 percent, 22.0 percent, 22.1
percent, and 22.6 percent. Still, these cells have been
demonstrated to be just 19.2 to 19 percent efficient. Costly,
the absorber layer must be three meters thick if the solar cell
is to operate as it should. Just 22.67% of the time does the
solar cell operate. Rising from 9% to 14.5% [22], the
efficiency of CIGS solar cells with a molybdenum selenide
(MoSe2) BSF layer improved The solar cells performed
better, hence this was correct. We also considered both in
principle and in fact the prospective use of SnS as BSF layers
in CIGS solar battery cells. One performed research on this
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kind of application. Their research showed that the thin CIGS
layer may increase performance in an affordable and low-cost
manner.

The back-surface field (BSF) layer in CIGS solar cells
might find usage for the recently identified semiconducting
lead sulfide (PbS). Simultaneously, this would also make the
CIGS absorber layer smaller [23]. One of the most important
structural elements that would let solar cells run more
effectively [24] would be Among the most important
structural details would be an efficient back surface field
(BSF) layer. Among the several layers, this one is very
probably the most crucial one. It is well known since the
1980s that BSF layers reduce surface recombination by
bouncing minority carriers back toward the p-n junction. This
is so as BSF levels are known to reject minority carriers. This
may be accomplished by raising the carrier collecting of the
device without appreciable change in its series resistance [25].

BSF layers also assist to retain light in, therefore
facilitating the photon absorption. Their efforts have
produced a variety of modeling tools showing thin-film solar
cell functioning. Among these were SCAPS, AMPS,
wxAMPS, and COMSOL. Thin-film solar cells may be
modeled simpler because to these technology. Conversely,
SCAPS-1D is more well-liked as the simulation results almost
match the test data and its user interface is more easy to
understand [26]. The basic semiconductor equations upon
which this theory is based are the Poisson equation and the
continuity equations for electrons and holes [27], [28]. These
equations support this idea.

This study mimics a completely new CuO-based inorganic
heterojunction thin-film solar cell fabrication [29], [30]. This
is accomplished with the SCAPS-1D program and additional
many more BSF layers. It is necessary to use a rigorous
approach to investigate how the thickness of the BSF and
absorber layers affects things. This is carried out with the
system's running temperature. To improve the running of the
solar cell construction, resecarchers have also looked at and
changed certain important performance factors. This was
carried out in order to get the best results available. Measures
falling under this group of criteria include the fill factor (FF),
the open-circuit voltage (VOC), the short-circuit current
density (SF), and the general efficiency (P).

II. MATERIALS AND METHODS

The first table shows the results of the physical and
electrical characteristics of the layers; the second table lists
the most important simulation settings and parameters that
have to be satisfied to obtain accurate results that are
representative of the normal working conditions of solar cell.

Sun light

(41

|

BSF layers

Fig. 1 Schematic diagram of CuO solar cell.

The choice of the structural elements and material
properties of the layers was made with considerable attention



to reach the highest potential performance from the solar cells.
While the second table describes the most important
simulation settings and parameters that must be satisfied to
obtain accurate results indicative of the normal operating

circumstances of solar cells [31], [32]. Table 1 offers a
description of the physical and electrical characteristics of the
layers.

TABLEI
PARAMETERS OF ALL DIFFERENT MATERIALS
Parameters FTO CuO CuSbS; ZnTe CU,;Te SnS
W (um) 0.05 0.700 0.05 0.05 0.05 0.05
Eg V) 3.6 1.510 1.58 2.26 1.18 1.31
x(eV) 4.0 4.300 4.2 3.65 4.20 4.3
(4 9.0 18.1 14.6 14 10 13
Nc (em™) 2.2x1018 2.2x10° 2.0x10" 7.5x 10" 7.8x 10" 1.18x10'®
Ny(cm™) 1.8x 10" 5.5%x10% 2.0x10" 1.5x10" 1.6x10" 476 x10'8
Vi (cm/s) 107 107 107 107 107 107
Vp (cm/s) 107 107 107 107 107 107
tn (cm?/V s) 100 100 49 70 500 130
tp (cm?/V s) 25 0.1 49 50 100 4.3
Np (ecm™) 5% 108 0 0 0 0 0
Ny (cm™) 0 108 108 2.16 x 10" 10" 105
Nt (cm’3) 1014 1012 1014 1014 1014 1014
TABLEII thinner without sacrificing efficiency. The BSF layer helps

SIMULATION PARAMETERS USED IN SCAPS-1D capture carriers more effectively, which is Why this occurs.
Parameter Value TABLE III
Temperature (K) 300 ASSOCIATED PERFORMANCE FOR SOLAR CELL WITH DIFFERENT BSF LAYERS
Frequency (Hz 1x10° Jsc
Lig?lt po“}/]e(r (V)sz) 1000 Layers Ve (maremy  FFR @Y%
Number of pOints 5 CU,Te/CuO/FTO 0.9363 21.369587 85.79 17.17
solar spectrum AM1.5G ZnTe / CuO / FTO 1.4313 26.556045 8599  32.68
Transmission 100% SnS/Cu0O/FTO 0.9403 21.535469 8576  17.37
I-V Scan range (VI-VZ) 0.00V-2.00V CuSbS,/CuO/FTO 1.1300 26.620318 89.21 26.84

III. RESULTS AND DISCUSSION

A. Performance Comparison of Different BSF Layers in
CuO-Based Solar Cells

We used the SCAPS-1D program to do a comparison
simulation study to find out which back surface field (BSF)
material works best to improve the performance and stability
of CuO-based solar cells. The goal of this study was to find
out which BSF material works best. Four distinct
semiconductor materials made up the BSF layers in the cell
structure: CuSbS2, ZnTe, CuTe, and SnS. Each of these
materials added to the construction in its way. We conducted
tests to determine the impact of these materials on key
photovoltaic properties. Table 3 shows the results of the
simulations. They demonstrate that the structure based on
ZnTe exhibits the highest power conversion efficiency (PCE),
at 32.68%. Next are the structures that are based on CuSbS2
(26.84%), SnS (17.37%), and CuTe (17.17%). This indicates
that ZnTe is the most suitable BSF option among all the
materials examined. ZnTe works better because it has a wider
bandgap [33], which stops carriers from recombining at the
back contact. This is one reason why ZnTe works better. This
results in both the open-circuit voltage (VOC) and the short-
circuit current density (Jsc) increasing, which is beneficial.
Adding the right BSF layer not only helps gather carriers more
effectively, but it also allows you to make the absorber layer

896

B. Impact of BSF Layer Thickness on Solar Cells
Performance

Researchers examined the impact of layer thickness on the
performance of CuO-based solar cells. In this experiment, the
BSF layer's thickness changed from 0.05 um to 0.55 um in
steps of 0.1 pm. The thickness of the CuO absorber layer
remained constant at 1.5 pm throughout the experiment. At
the same time, the temperature was maintained at 300 K.
Figure 2 presents the simulation results, illustrating the
changes in the main photovoltaic parameters. Open-circuit
voltage (VOC), short-circuit current density (JSC), fill factor
(FF), and power conversion efficiency (1) are among these
key metrics. Four different BSF materials, CuSbS:, SnS,
ZnTe, and CuzTe, show these differences.

The figures 2 show that the electrical performance
characteristics don't change significantly when the thickness
of the BSF layer varies for all the materials studied. From this,
we can conclude that once the BSF layer reaches a particular
thickness, any further increases have little effect on the
device's performance [34]. ZnTe was shown to be a suitable
BSF layer, as it consistently exhibited better performance
metrics across all thicknesses. For this scenario, the best
thickness for all BSF layers is 0.05 um. The optimization
findings show that the optimal efficiency for ZnTe, CuSbS.,
SnS, and Cu.Te BSF layers is 32.68%, 26.84%, 17.37%, and
17.17%, respectively.
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Fig.2 (a) VOC vs. BSF layer thickness; (b) JSC vs. BSF layer thickness; (c) Fill factor vs. BSF layer thickness; (d) Efficiency vs. BSF layer thickness

C. Impact of CuO Layer Thickness on Solar Cells
Performance

SCAPS-1D  simulations for four distinct BSF
configurations—CuSbS:, SnS, ZnTe, and Cu.Te—were used
to assess the photovoltaic performance impact of CuO
absorber layer thickness. At 300 K, with a constant buffer
layer thickness of 0.05 um, the CuO thickness was changed
from 0.5 um to 4.0 pm in 0.5 pm increments. Figure 3 shows
the outcomes. As the CuO thickness increases from 0.5 um to
1.5 pum, a notable improvement is observed in all key
performance criteria (Vco, Jsc, FF, and efficiency). Increased
photon absorption and production of additional electron-hole
pairs account for this enhancement, hence improving the
photo-produced VOC and JSC [35]. Beyond 1.5 pm,
nevertheless, the rate of improvement in these factors
becomes negligible. This saturation behavior is likely caused
by the CuO layer extending beyond the minority carrier
diffusion length, resulting in recombination losses that limit
further performance improvements. From both performance
and cost angles, a CuO thickness of 1.5 m is shown to be ideal
for attaining high efficiency without superfluous material use
[36]. Among the BSF configurations examined, the ZnTe-
based cell regularly outperformed others at all thicknesses,
hence presenting the most attractive choice for integration
with the CuO absorber.
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D. Effects of Working Temperature with Various BSF Layers

A study examined the impact of temperature on the
performance of CuO-based solar cells, which featured
multiple buffer layers. The study looked at temperatures
between 300 K and 400 K. The thickness of the buffer layer
was set at 0.05 H 5 m in all of the simulated configurations,
while the thickness of the CuO absorber layer was fixed to 1.5
H 5 m. Figure 4 shows the results. When the temperature of
the solar cell goes up, the bandgap of the absorber material
goes down because the lattice vibrations get stronger. The cell
can now absorb longer wavelengths of the sun's spectrum
because of this decrease. This causes a slight rise in the
current short-circuit density (Jsc). The open-circuit voltage
(VOC) clearly decreases with the bandgap shrinking. This is
thus because the reverse saturation current [37] increases with
increasing intrinsic carrier concentration. Since the VOC
value depends on the increasing saturation current, it lowers.
The efficiency of the cell falls with temperature. These
findings show that CuO-based devices are susceptible to
temperature and stress, therefore stressing the need of good
thermal management especially in choosing BSF layers to
guarantee the devices stay as stable as feasible in practical
environments.
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Fig. 3 (a) VOC vs. absorber layer thickness; (b) JSC vs. absorber layer thickness; (c) Fill factor vs. absorber layer thickness; (d) Efficiency vs. absorber layer
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IV. CONCLUSION

This paper investigated the performance of CuO-based solar
cells with many back surface field (BSF) layers: CuSbS2,
ZnTe, Cu:Te, and SnS utilizing the SCAPS-1D simulator.
Although the buffer layer thickness was optimized at 0.05 m
across all designs, 1.5 m turned out to be the optimal absorber
layer thickness. With respective efficiencies of 32.68% and
26.84%, ZnTe and CuSbS2 shown the greatest solar
performance among the BSF materials investigated. The
results of the simulation also showed that device performance
declines with rising operation temperature. These findings
highlight the prospect of ZnTe and CuSbS: as effective BSF
materials for high-efficiency CuO-based solar cells.

Acknowledgements

The authors are grateful to Dr. Marc Burgelman from the
University of Gent, Belgium, for providing access to the
SCAPS-1D simulator.

(1]

[10]

[11]

[12]

REFERENCES

Y. Gao, H. W. Liu, Y. Lin, and G. Shao, "Computational design of
high efficiency FeSi2 thin-film solar cells," Thin Solid Films, vol. 519,
no. 24, pp. 8490-8495, Oct. 2011, doi: 10.1016/j.ts£.2011.05.030.

X. Zheng, W. Li, A. G. Aberle, and S. Venkataraj, "Efficiency
enhancement of ultra-thin Cu(In,Ga)Se2 solar cells: Optimizing the
absorber bandgap profile by numerical device simulations," Curr.
Appl. Phys., vol. 16, no. 10, pp. 1334-1341, Oct. 2016,
doi:10.1016/j.cap.2016.07.002.

M. K. Hossain et al., "Efficiency enhancement of natural dye
sensitized solar cell by optimizing electrode fabrication
parameters," Mater. Sci.-Pol., vol. 35, no. 4, pp. 816-823, Dec. 2017,
doi: 10.1515/msp-2017-0086.

M. K. Hossain et al., "Effect of dye extracting solvents and
sensitization time on photovoltaic performance of natural dye
sensitized solar cells," Results Phys., vol. 7, pp. 1516-1523, 2017,
doi:10.1016/j.rinp.2017.04.011.

S. H. Zyoud, A. H. Zyoud, N. M. Ahmed, and A. F. 1. Abdelkader,
"Numerical modelling analysis for carrier concentration level
optimization of CdTe heterojunction thin film-based solar cell with
different non-toxic metal chalcogenide buffer layers replacements:
Using SCAPS-1D software," Crystals, vol. 11, no. 12, p. 1454, Nov.
2021, doi: 10.3390/cryst11121454.

A. Kaphle, E. Echeverria, D. N. Mcllroy, and P. Hari, "Enhancement
in the performance of nanostructured CuO-ZnO solar cells by band
alignment," RSC Adv., vol. 10, no. 13, pp. 7839-7854, 2020,
doi:10.1039/CO9RA10771A.

K. Igbal, M. Ikram, M. Afzal, and S. Ali, "Efficient, low-dimensional
nanocomposite bilayer CuO/ZnO solar cell at various annealing
temperatures," Mater. Renew. Sustain. Energy, vol. 7, no. 2, Feb.
2018, doi: 10.1007/s40243-018-0111-2.

T. Wong, S. Zhuk, S. Masudy-Panah, and G. Dalapati, "Current status
and future prospects of copper oxide heterojunction solar
cells," Materials, vol. 9, mno. 4, p. 271, Apr. 2016,
doi:10.3390/ma%9040271.

S. Zandi, P. Saxena, and N. E. Gorji, "Numerical simulation of heat
distribution in RGO-contacted perovskite solar cells using
COMSOL," Sol. Energy, vol. 197, pp. 105-110, Feb. 2020,
doi:10.1016/j.solener.2019.12.050.

1. Gharibshahian, A. A. Orouji, and S. Sharbati, "Towards high
efficiency Cd-Free Sb2Se3 solar cells by the band alignment
optimization," Sol. Energy Mater. Sol. Cells,vol.212,p. 110581, Aug.
2020, doi: 10.1016/j.s0lmat.2020.110581.

Y. Z. Hamri et al., "Improved efficiency of Cu(In,Ga)Se2 thin-film
solar cells using a buffer layer alternative to CdS," Sol. Energy, vol.
178, pp. 150-156, Jan. 2019, doi: 10.1016/j.solener.2018.12.023.

Y. Liu, Y. Sun, and A. Rockett, "A new simulation software of solar
cells—wxAMPS," Sol. Energy Mater. Sol. Cells, vol. 98, pp. 124-128,
Mar. 2012, doi: 10.1016/j.s0lmat.2011.10.010.

899

[13]

[14]

[16]

[17]

[20]

[21]

[22]

(23]

[26]

[27]

(28]

[29]

[31]

P. Nollet, M. Burgelman, and S. Degrave, "The back contact influence
on characteristics of CdTe/CdS solar cells," Thin Solid Films, vol.361-
362, pp. 293-297, Feb. 2000, doi: 10.1016/S0040-6090(99)00760-9.
J. Verschraegen and M. Burgelman, "Numerical modeling of intra-
band tunneling for heterojunction solar cells in SCAPS," Thin Solid
Films, vol. 515, mno. 15, pp. 6276-6279, May 2007,
doi:10.1016/j.ts£.2006.12.049.

K. Decock, S. Khelifi, and M. Burgelman, "Modelling multivalent
defects in thin film solar cells," Thin Solid Films, vol. 519, no. 21, pp.
7481-7484, Aug. 2011, doi: 10.1016/j.ts£.2010.12.039.

M. Burgelman, J. Verschraegen, S. Degrave, and P. Nollet, "Modeling
thin-film PV devices," Prog. Photovoltaics Res. Appl., vol. 12, no. 2-
3, pp. 143-153, Mar. 2004, doi: 10.1002/pip.524.

Y. Xiao, H. Wang, and H. Kuang, "Numerical simulation and
performance optimization of Sb2S3 solar cell with a hole transport
layer," Opt.  Mater., vol. 108, p. 110414, Oct. 2020,
doi:10.1016/j.0ptmat.2020.110414.

P. Sawicka-Chudy et al., "Simulation of TiO2/CuO solar cells with
SCAPS-1D software," Mater. Res. Express, vol. 6, no. 8, p. 085918,
Jun. 2019, doi: 10.1088/2053-1591/ab22aa.

Y. Raoui et al., "Performance analysis of MAPbI3 based perovskite
solar cells employing diverse charge selective contacts: Simulation
study," Sol.  Energy, vol. 193, pp. 948-955, Nov. 2019,
doi:10.1016/j.solener.2019.10.009.

A. Teyou Ngoupo, S. Ouédraogo, F. Zougmor¢, and J. M. B. Ndjaka,
"New architecture towards ultrathin CdTe solar cells for high
conversion efficiency," Int. J. Photoenergy, vol. 2015, pp. 1-9, 2015,
doi: 10.1155/2015/961812.

M. A. Matin, M. U. Tomal, and A. M. Robin, "Copper telluride as a
noble BSF material for high performance ultra thin CdTe PV cell,"
in Proc. Int. Conf. Informatics, Electron. Vis. (ICIEV), May 2013, pp.
1-5, doi: 10.1109/ICIEV.2013.6572527.

P. Tiwari et al., "Design and simulation of efficient SnS-based solar
cell using Spiro-OMeTAD as hole transport layer," Nanomaterials,
vol. 12, no. 14, p. 2506, Jul. 2022, doi: 10.3390/nano12142506.

I. O. B. Al-Fahad et al., "Identification of regularities in the behavior
of a glass fiber-reinforced polyester composite of the impact test based
on ASTM D256 standard," East.-Eur. J. Enterp. Technol., vol. 4, no.
7, pp. 63-71, Aug. 2023, doi: 10.15587/1729-4061.2023.286541.

P. Chelvanathan, M. 1. Hossain, and N. Amin, "Performance analysis
of copper-indium-gallium-diselenide (CIGS) solar cells with various
buffer layers by SCAPS," Curr. Appl. Phys., vol. 10, no. 3, pp. S387-
S391, May 2010, doi: 10.1016/j.cap.2010.02.018.

S. H. Chowdhury, M. N. Islam, M. R. Kaysir, M. K. Hossain, and M.
M. Rahman, "Numerical simulation of CuO-based solar cells with
different buffer layers using SCAPS-1D," Open J. Energy Effic., vol.
12, no. 4, pp. 60-77,2023.

E. Radziemska, "Effect of temperature on dark current characteristics
of silicon solar cells and diodes," Int. J. Energy Res., vol. 30, no. 2, pp.
127-134,2006, doi: 10.1002/er.1113.

A. K. Hamzah et al., "Fatigue life estimation under high temperature
and variable loading of AA7001-T6 using shot peening," Tikrit J. Eng.
Sci., vol. 31, no. 2, pp. 168-174, May 2024, doi: 10.25130/tjes.31.2.16.
L. T. Mouhmmd et al., "The effect of firm type on the relationship
between accounting quality and trade credit in listed firms," Corp. Bus.
Strategy  Rev., vol. 4, no. 2, pp. 175-183, 2023,
doi:10.22495/cbsrv4i2art16.

I. O. B. Al-Fahad et al.,, "Identifying the mechanism of the fatigue
behavior of the composite shaft subjected to variable load," East.-Eur.
J. Enterp. Technol., vol. 3, no. 7, pp. 37-44, Jun. 2023,
doi:10.15587/1729-4061.2023.283078.

Y. A. Shafeeq, J. S. Chiad, and Y. Y. Kahtan, "Study, analysis, the
vibration and stability for the artificial hand during its daily
working," Int. J. Mech. Eng. Technol., vol. 9, no. 13, pp. 1706-1716,
2018.

R. F. Ghazi, J. S. Chiad, and F. M. Abdulghani, "Design and
manufacturing a smart shoe for diabetic foot ulcer monitoring and
prediction system using internet-of-things technology," J. Braz. Soc.
Mech. Sci. Eng., vol. 46, no. 2, Jan. 2024, doi: 10.1007/s40430-023-
04591-2.

F. T. Al-Maliky and J. S. Chiad, "Study and analysis the flexion
moment in active and passive knee prosthesis using back propagation
neural network predictive," J. Braz. Soc. Mech. Sci. Eng., vol. 44, no.
11, Oct. 2022, doi: 10.1007/s40430-022-03850-y.

M. M. Yahya, A. M. Al-Mushehdany, and H. J. M. Alalkawi,
"Evaluation of buckling of 2024-T3 under high temperatures," Int. J.



[34]

[35]

Heat Technol., vol. 40, no. 4, pp. 947-952, Aug. 2022,
doi:10.18280/ijht.400411.

A. M. Al-Mushehdany et al., "Using modern concepts in the design of

extrusion dies to improve the mechanical extrusion and fatigue
properties for AA1100," East.-Eur. J. Enterp. Technol., vol. 5,no. 12,
pp. 31-37, Oct. 2022, doi: 10.15587/1729-4061.2022.265712.

R. M. Abed, T. A. Shihab, A. M. Al-Mushehdany, and H. J. H. J.
Alalkawi, "Numerical analysis of the aluminium alloy structure of the
brackets based on conceptualization processes,"J. Adv. Res. Appl.

900

[36]

[37]

Mech., vol. 124, mno. 1, pp. 163-171, Aug. 2024,
doi:10.37934/aram.124.1.163171.

Ulfa et al., "Feasibility study of grid connected solar PV design with
battery at Sandai 150/20 kV substation as a Tayap 4 feeder backup
when system blackout occurs," Int. J. Comput. Eng., vol. 1, no. 4, pp.
119-125, Dec. 2024, doi: 10.62527/comien.1.4.28.

H. Santoso, G. F. Soares, and C. M. Angelo, "Detection of children's
facial expressions on the effects of playing games using CNN
algorithm," Int. J. Adv. Sci. Comput. Eng., vol. 6, no. 3, pp. 152-157,
2024.





