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ABSTRACT

The performance of copper indium gallium selenium (CIGS) based solar cells with cadmium sulfide
(CdS) and magnesium zinc oxide (Mg,Zn;_0) buffer layers has been investigated comparatively with
the new version of a one-dimensional device simulation program for the analysis of microelectronic
and photonic structures (wxAMPS-1D). The structures of solar cells have been analysed keeping in
view the effect of doping as well as of thickness of buffer and absorber layers. It is observed that the
conversion efficiency and external quantum efficiency (EQE) are improved using Mdg.125ZNgg75
O compound buffer layer for ZnO/Mgg 12520 8750/CIGS structure to 22.01% and 89.7%, respectively,
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whereas the obtained conversion efficiency and EQE for ZnO/CdS/CIGS structure are 21.06% and
88.78%, respectively. The obtained results are in good agreement with the recently published work
and the proposed structure of solar cells would have potential regarding improvements in the

existing solar cell technology.

1. Introduction

In the last two decades, chalcopyrite-type copper indium
selenium (CIS) and copper indium gallium selenium
(CIGS) are among the most promising and investigated
materials to achieve higher efficiency of thin-film solar
cells [1] owing to their characteristics, in particular,
favourable electronic and optical properties in addition
to low-cost fabrication. The national renewable energy
laboratory (NREL-USA), the Swiss federal laboratories
for material science and technology (EMPA-
Switzerland) and the centre of solar energy nd hydrogen
research (ZSW-Germany) has reported so far the efficien-
cies of these solar cells up to 19.9% [2], 20.4% [3], and
22.6% [4], respectively. On the other hand, there are
several theoretical reports available in the literature
demonstrating the performance of CIGS-based solar
cells with efficiencies up to 20.85% [5], and 21.61% [6].
For heterojunction ZnO:Al,05(ZA0)/CdS/CIGS thin-
film solar cells, efficiencies of 16.39% [7], 19.13% [8],
21.0% [9], 22.3% [10], and 24.35% [11] are reported for
using the one-dimensional analysis of microelectronic
and photonic structures (AMPS-1D) [12] and the solar
cell capacitance simulator (SCAPS-1D) [13] software.

Among various other critical parameters that affect the
performance of solar cells, thickness and doping of buffer
layer between n and p-type active materials play an
important role. Conventionally, CIGS-based solar cells
have been fabricated with cadmium sulfide (CdS) buffer
layer. However, CdS exhibits many electrical, optical, and
environmental hindrances due to its toxic nature and
there is a lot of chemical waste if used for fabrication of
thin films via chemical bath deposition method [14].
Several reports have been published to date regarding
investigations on the role of buffer layers of various
compounds specifically CdS, zinc sulfide (ZnS), zinc sele-
nide (ZnSe), zinc oxide (ZnO), zinc tin oxide (Zn,_,Sn,
0), magnesium zinc oxide (Mg,Zn; ,O) and indium
selenide (In,Se;) in flexible CIGS-based solar cells using
device emulation program and tool as, e.g., ADEPT 2.1
[15], SCAPS-1D and AMPS-1D numerical simulation
packages [16-19]. In the present work, the focus is to
employ Mg,Zn1_,O as a buffer layer, which has been
identified as a promising Cd-free buffer layer quite early
[20] and has shown to be useful in thin-film solar cell
applications [21]. The MgZnO buffer layer exhibits
higher optical transmittance and is a much more envir-
onmental friendly material compared to CdS [14].
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Addition of magnesium (Mg) to ZnO enhances the band-
gap energy [22], which leads to a better band alignment
with both CIGS absorber and ZnO window layers in solar
cells [14].

A number of theoretical studies have been conducted
so far to investigate the use of Mg,Zn; O bufter layer
with different molar fractions of Mg in CIGS solar cells
[18,23]. Pettersson et al. [23] reported the study of Mg,
Zn; 0O buffer layer with a mole fraction of Mg as 0.17
through the SCAPS-1D software. Pandey et al. [24,25]
reported the total conversion efficiencies of 21.4% [24]
and 20.8% [25] with MgZnO buffer layer having differ-
ent mole fraction by commercial technology computer-
aided design (TCAD) simulation software. However,
the control over appropriate Mg content in Mg,Zn,
O films is essential to avoid enhanced interface recom-
bination [21]. Therefore, the current work emphasizes
on the optimal mole fraction of Mg, and it has been
observed that low Mg molar fraction in Mg,Zn,; O,
namely x = 0.125, features a suitable band gap value
and an excellent absorption coeflicient compared to
other concentrations reported in the previous work
done by M. Hadjab et al. [22]. These characteristics
permit to use this material as a buffer layer in the
proposed design of solar cells. The package wxAMPS-
1D [12,26] has been used to study the performance of
CIGS-based thin-film solar cells with standard CdS and
proposed Mgy 12521 5750 buffer layer. The influence of
doping concentration along with the thickness of the
absorber layer for both ZnO/n-CdS/p-CIGS and ZnO/
n-Mgg 1257100 8750/p-CIGS  solar cells has been
investigated.

2. Device structures and simulation parameters

The transport physics in thin-film solar cell structures
can be investigated by one-dimensional AMPS software
package [12,27,28]. AMPS-1D solves the Poisson’s
equation with six boundary conditions and equations
of electron-hole continuity by the Newton-Raphson
and finite difference approach. The numerical simula-
tion has been carried out through implanting the den-
sity of states (DOS) model [29,30]. A highly stable
freeware solar cell simulation program wxAMPS-1D is
an enhanced version of the original AMPS-1D program.
It was designed by the University of Illinois at Urbana—
Champaign (UIUC), in collaboration with Nankai
University of China by Y. Liu et al. [26] according to
the physical principles of AMPS-1D software tool devel-
oped at Pennsylvania State University by S. Fonash et al.
[12]. The package wxAMPS-1D is written in C++
Language with a number of modifications in basic algo-
rithms, namely, it uses the fundamental physical

principles of AMPS-1D, includes portion tunnelling
currents to the model, delivers an improved visualisa-
tion and, improves convergence and execution speed
[26]. The modified algorithm was solved by combining
the Newton and Gummel approximations with a better
stability, speed, and effectiveness. wxAMPS-1D is simi-
lar in performance to SCAPS-1D but provides better
ability to model materials with high defect densities,
band tails, and other features typical of thin-film solar
cells [26]. Furthermore, with an accurate setting of the
input parameters, it is possible to study the optical
responses and electrical transport phenomena of the
solar cell structures [31].

The main equations used by wxAMPS-1D to describe
the solid-state device are given below:

d% <—6(X) %) =qp (1)

;‘ZL — Ry(x) - G(x) 2)
%% — G(x) — R,(x) 3)
Ja(x) = qu,n <dz"> @
Jp(%) = quyn (%’) )

Equation (1) is the Poisson’s equation, where x is posi-
tion (device length), ¢ is dielectric constant, ¢ is local
electrostatic potential, as well as the elementary charge
q and total charge density p. Equations (2) and (3) are
the equations of continuity for electrons and holes,
respectively. The terms J, and J, correspond to the
electron and hole current densities, respectively. R,(x),
R,(x) are the electrons’ and holes’ recombination rates.
G(x) is termed as optical carrier generation rate that
depends on external illumination. Equations (4) and
(5) are general relations to access motion of charge
carriers due to diffusion and drift phenomenon under
the influence of effective fields arising from band gap,
electron affinity, and densities-of-states gradients. Here,
n and p, are the electron and hole mobility, respec-
tively [32].

As it was mentioned above, wxAMPS-1D computer
program simulator is a freeware, which is utilized to
emulate a real thin-film solar cell’s performance. The
numerical simulation was carried through the following
steps shown in figure 1 as screenshots. The screenshot (a)
shows the wxAMPS-1D main input panel graphical user
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Figure 1. Data input panels of wxAMPS-1D graphical user interface used for setting up the parameters for optimization of solar cell.

interface for the numerical simulation process of thin-  determine an appropriate working environment, the
films solar cells. The main input panel consists of four  input material panel, the input settings panel, and finally
panels, as follows: the ambient panel in which solar cells  the output panel illustrating the simulation results. The

n-CdS (buffer layer)
7 7
p-CIGS p-CIGS
(absorber layer) (absorber layer)

(Substrate) (Substrate)

(a) (b)

Figure 2. Schematic cross-sections of the two ClGS-based thin-film solar cells: (a) with CdS buffer layer; (b) with Mgg.125Zng 8750 buffer
layer.
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screenshot (b) shows the biasing conditions for the solar
cell (temperature and light bias defined by the spectrum
and flux), the contact parameters (thermal velocity
recombination for holes/electrons, potential barrier
height, and reflectivity at the front and back contacts)
as well as the bias voltages as defined by the user. The
screenshot (c) shows the device definition, i.e. solar cell
structure design, and the selection of material for each
layer, as well as the input electrical/optical properties (e.g.
permittivity, bandgap, affinity, the effective density of
states, doping, mobilities, defect distribution at the inter-
faces, etc). Finally, the results of J-V characteristics; con-
version efficiency (), fill factor (FF), short-circuit current
density (J,.), and open-circuit voltage (V) can be visua-
lized as curves via panel shown in the screenshot (d).

In the present work, CIGS-based solar cells consisted of
a set of layers in the following order from top-to-bottom:
(a) Al front contact/ZnO window/n-CdS bufter/p-CIGS
absorber/Mo back contact; (b) Al front contact/ZnO win-
dow/n-Mgy 125214 5,50 buffer/p-CIGS absorber/Mo back
contact has been studied as shown in figure 2. It was
assumed that most of the incident photons would pass
through the window layer then the buffer layers, and
finally, the absorber layer of the cell structure will absorb
them. The schematic band diagrams of the structures,
under illumination, are shown in figure 3. The key parts
of both cell structures are CIGS absorber and the two
different buffer layers (CdS and Mgy 1,5Zn05750). The
ZnO window, owing to its wide bandgap, serves as trans-
parent conductive oxide (TCO). The input parameters
used for the simulation of both structures are summarized
in table 1. These parameters include thickness, relative
permittivity, electron affinity, optical band gap, electron/
hole mobility, donor/acceptor concentrations, and effec-
tive density of states in both conduction and valance bands
(CB, VB). The value of bandgap energy of 3.33 eV for
Mgy 125214 8750 buffer layer has been obtained from first-
principles calculations using the full potential linearized
augmented plane wave (FP-LAPW) calculations based on
density functional theory (DFT) [22]. When illuminating
the two devices, photons with energy lower than 3.16 eV
have wavelengths greater than the cutoft wavelength of
ZnO (0.393 um) and will pass through the ZnO window
layer. In contrast, each layer absorbs photons having
shorter wavelengths than its own cutoff wavelength,
where the cutoff wavelengths of CdS, Mgj 125200575
O and CIGS are 0.517, 0.372, and 0.886 um, respectively.

3. Results and discussion

Performance analysis and determination of the tra-
deoff between the two designs as shown in figure 2
have been carried out by investigating the effect of

thickness and doping of both the layers i.e. absorber
and buffer layer especially on the photovoltaic (PV)
parameters, by simulation of characteristics like
current density-voltage, power density-voltage, and
quantum efficiency. The simulation has been per-
formed using the air mass 1.5 global spectral irra-
diance data (AM1.5 G, 1000 W/m?) at room
temperature (300 K).

3.1 Influence of the doping concentration in n-CdS
and n-Mgy.135Zny g750 buffer layers

The thickness of CdS and Mgy 1,5Zng 5750 buffer layers
was taken as 50 and 40 nm, respectively, while the doping
concentration was varied in the range 1.0 x 10" to
1.0 x 10" em™ for CdS and 1 x 10'° to 4.0 x 107 cm™
for Mgg 125Zn0.87,50. The PV parameters n, FF, J., and
Voc have been extracted as a function of donor doping
concentration (Np) of the buffer layer and represented in
figure 4. Simulation results suggest that the n, FF of the
two different structures of solar cells increases progres-
sively with the doping concentration of buffer layer and
reaches a maximum value as = 21.06%, FF = 82.75%,
and n = 22.01%, FF = 84.02% for CdS and Mgg 12521 875
O, respectively. The optimized donor concentrations for
buffer layers are found to be Np(CdS) = 6.3 x 10 cm™
and Np(Mgp 125Zn9 8750) = 2.5 x 10" em™>. These con-
siderable enhancements in n and FF resulted from the
well-known solar PV theory that demonstrates that an
increment in the concentration of donor atoms of emitter
increases the concentration of the photo-generated car-
riers under illumination; hence, improving the collection
of charge carriers that leads to an enhanced short-circuit
current density as shown in figure 4 -c. This observation
is inconsistent with the results reported earlier [33].
Moreover, the simulation results reveal that the increase
in Np has a little effect on the open-circuit voltage V. as
shown in figure 4 -d.The observed decline of V. could be
due to the decrease of the saturation current caused by the
reduction in diffusion length and diminution of the car-
rier’s mobility.

3.2 Effect of thickness of CdS and Mgy, 125Zn¢ g75
O buffer layers

Let us now turn our attention to the effect of the
buffer layer thickness on the solar cell performance.
For that, we are going to illustrate the variation of
the cell parameters versus a CdS and Mg 125Zn¢ 875
O buffer layer thickness ranging from 20 to 500 nm,
as shown in figure 5. The best performance of solar
cell structures for both structures is found for
a buffer layer thickness of 50 and 40 nm for CdS
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Figure 3. Energy band diagrams of solar cells obtained from wxAMPS-1D software: (a) ZnO/n-CdS/p-CIGS and (b) ZnO/n-Mdg 125ZNgg75

0/p-CIGS.

and Mgp 125219 5750, respectively. These values have
been chosen in order to provide the highest conver-
sion efficiency. The PV parameters of the solar cells
drop slightly since a small number of photons
approaches the absorber layer. The same behaviour
has already been reported in the previous studies
[5,11,31]. Consequently, it is desirable to reduce the
buffer layer thickness in order to minimize the
optical absorption losses.

3.3 Influence of the doping concentration in p-CIGS
absorber layer

In order to find out the optimal doping and thickness of
the p-CIGS region (figure 6), which corresponds to the
most efficient location for absorption, the PV parameters
of the two solar cell structures have been simulated in
terms of the doping concentration of acceptors (N,) in
the range 1.0 x 10'° to 1.25 x 10'” cm™ with a thickness
of 2.0 um for both CIGS-based solar cell structures.
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Table 1. Parameters used for the wxAMPS-1D simulations.

Layer properties n- ZnO n-CdS N-Mgg.125ZN0 8750 p-CIGS
Thickness [nm] 200! Variable Variable Variable
Relative permittivity, €, gl6] 108 10.5124251 13,65
Electron affinity, x [eV] 4.4 429 4050242 45519
Optical band gap, Eg [eV] 3.16% 241 3.33122 1.4 3437
Electron mobility, u, [cm?/Vs] 10019 10009 01242%] 0151
Hole maobility, p, [cm?/Vs] 2516101 2505101 2024251 2515101
Effective density of states in the conduction band, N¢ [cm ™3] 2.22 x 108 222 x 108 222 x 10824251 2.22 x 108!
Effective density of states in the valance band, Ny [cm™] 1.78 x 10" 1.78 x 10" 1.78 x 10'%1242%] 1.78 x 10"
Acceptor concentration, N [cm ™3] ol10.271 ol10.271 ol242%1 Variable
Donor concentration, Np [cm™] 1% 10'801 Variable Variable ol10:271
General device properties Front Surface Back Surface
Reflectance (RF) 0.1 35,37 0.8 35°7:38!
Work function of metal contacts 0.06 VB4 0.9'634:39’

Obg. = PHIBo = Ec — E¢ [eV]
Recombination velocity for holes [m/s] 10753537 10715331
Recombination velocity for electrons [m/s] 1073537 10715341

* The value of 1.4 eV is taken for x = 0.6 for Culn,Ga;_,Se, [9,34,37]

It has been observed that n increases progressively
with increasing the doping concentration in both solar
cell structures, approaches a maximum value, and then
decreases gradually for further increase in doping con-
centration. More precisely, in case of the ZnO/MgZnO/
CIGS structure (see figure 6 -a), when the doping con-
centration increases from 1.0 x 10*° t0 5.2 x 10'® cm™ oM
increases from 18.5% to 22%; afterwards, it begins to
decrease gradually from 6.0 x 10'® ¢cm™ for further
increase in doping concentration. On the other hand,
in case of ZnO/CdS/CIGS structure (see figure 6 -a), for
doping concentration that changes from 1.0 x 10"° to
2.9 x 10" cm ™, 1) increases from 18% to 21%; after that,
it decreases gradually from 3.0 x 10'® cm™ for further
increase in doping concentration. These observations
are in good agreement with the previous reports
[6,33]. Keeping in view the fact that with increasing
the acceptor concentration in the absorber layer, satura-
tion current density decreases, which leads to enhance
the open-circuit voltage V,.. However, as the doping
increases and reaches ever-higher levels, the depletion
region between the buffer and absorber layers narrows,
ensuing a declining trend of total charge carriers col-
lected, photocurrent intensity, and the short-circuit cur-
rent density as shown in figure 6 -c. The high
performance of PV cells have been reached at the absor-
ber layer doping concentration value of 5.2 x 10'® cm™
and 2.9 x 10'® cm™ for ZnO/MgZnO/CIGS and ZnO/
CdS/CIGS, respectively.

3.4 Effect of thickness of CIGS absorber layer

The effect of thickness of the CIGS absorber layer on the
output electrical parameters of the two solar cells has also
been predicted as shown in figure 7. At first glance, after
an overview of the data shown in figure 7, it can be

observed that, as the thickness of the p-CIGS absorber
layer increases, the solar cell efficiency improves rapidly
and saturates gradually for thicknesses exceeding
2000 nm. The conversion efficiency changes, respec-
tively, from 14.30% to 21.06% and from 15.80% to
22.01%, for both studied solar cells ZnO/CdS/CIGS and
ZnO/MgZnO/CIGS, as a function of absorber layer
thickness. The improvement in 1 is due to the fact that
an absorber layer with an optimal thickness leads to the
maximum absorption of photons with a wide range of
wavelengths (figure 8) that consequently enhances the
short-circuit current and open-circuit voltage. The best
performance of solar cells have been achieved when the
absorber layer thickness is around 1.8 to 2.5 um (figure 7
-a). However, from a practical point of view, at
a thickness of 2.0 pm, the performance is quite close to
the optimal value. The same trend has been observed for
all solar cell parameters like n, FF, Ji, and V,. under-
optimized simulation conditions. figures 6 and 7 reveal
that the cell structure with n-Mgg 1,5Zn4 5750 buffer layer
illustrates a better performance with n = 22.01%,
FF = 84.02%, J,. = 28.76 mA/cm? and V.. = 0.90 V,
compared to the cell structure with n-CdS buffer layer
with 1) = 21.06%, FF = 82.61%, J, = 28.75 mA/cm?, and
Voc = 0.88 V. These simulation results shows that the
Mg 125214 3750 buffer layers may serve as a viable sub-
stitute for CdS in solar cells. Almost the same behaviour
has already seen in the previous studies [5-7,17,25,31,34]

3.5 Effect of thickness of CIGS absorber layer on the
EQE

Figure 8 shows the EQE [19], also called spectral
response (SR), which is current per unit flux for each
bandwidth as a function of the absorber layer thickness.
It is evident from figure 8 that the EQE has the
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Figure 4. The output parameters (a) n, (b) FF, (c) Jsc and (d) Vo as
a function of buffer layer doping for ZnO/n-CdS/p-CIGS and
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maximum values of 88.78% at 540 nm and 89.7% at
440 nm (for 2.0 pm thick p-CIGS) for ZnO/n-CdS/
p-CIGS and ZnO/n-Mgy 125714 g750/p-CIGS,
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respectively. The drop at higher wavelengths (~
885 nm) corresponds to the CIGS band gap (Eg
=14¢eV).
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3.6 Effect of thickness of CIGS absorber layer on the
J-V and P-V characteristics

In the same context, and in order to evaluate the rate of
change of output parameters of CIGS thin-film solar
cells with different thicknesses of absorber layer, cur-
rent-density voltage characteristic J(V) have been simu-
lated under illumination as shown in figure 9. It can be

observed from figure 9 that both the short-circuit cur-
rent and open-circuit voltage increases as a function of
absorber layer thickness, which leads to an increase in
the other two PV parameters (n and FF), as well as the
maximum-delivered power as shown by the power-
density voltage characteristic P(V) in figure 10.

As reported in figure 9, the simulated curves disclose
that the variation in absorber layer thickness from 300
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Figure 9. Simulated J(V) characteristics, for different p-CIGS absorber thicknesses, of ZnO/n-CdS/p-CIGS and ZnO/n-Mgq 125Zng 8750/

p-CIGS solar cells.
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to 2000 nm improves the 1, FF, J., and V. by 32.07%,
11.60%, 14.54%, and 10.08%, respectively, for the cell
structure based on the CdS buffer layer. Nevertheless,
for the second cell structure that is based on Mgy 125
Zn, g750 buffer layer, the proportions of improvement
in n, FF, Ji, and V,. are found as 28.21%, 7.44%,
15.08%, and 8.67%, respectively. This improvement in
output parameters of the studied structures with higher
thickness of absorber layer is justified since the max-
imum-absorbed photons quantity with longer wave-
lengths would result in the collection of higher photo-
generated carriers.

Figure 10 shows a considerable improvement in the
maximum output power density from 14.30 to

21.06 mW/cm? for ZnO/CdS/CIGS solar cell as the thick-
ness of absorber layer varies from 0.3 to 2.0 um. However,
for the second solar cell structure, the maximum output
power density is optimized from 15.80 to 22.01 mW/cm®
as the thickness of the absorber layer varies from 0.3 to
2.0 um. Table 2 summarizes the results of numerical
simulation including 1, FF, ], and V..

3.7 Optimal J-V and P-V characteristics

By using the optimized parameters of both ZnO/n-CdS/
p-CIGS and ZnO/n-Mg 1257210 5750/p-CIGS thin-film
solar cell structures, the simulated J-V characteristics
and the corresponding-extracted output parameters as

Table 2. Comparison of output parameters of the optimized thin-film solar cell structures with already reported theoretical and

experimental findings.

Thicknesses (nm)

CIGS-based structures n-ZnO n-CdS n-MgZnO p-CIGS n [%] FF [%] Jsc [mA/cm?] Vo [V]

Zn0/MgZn0/CIGS Our work 200 40 2000 22.01 84.02 28.86 0.90
Ref. [24] - 300 1000 21.4 85.7 34.8 1.2
Ref. [25] 50 300 1000 20.8 84.7 335 0.95

Zn0/CdS/CIGS Our work 200 50 2000 21.06 82.61 28.75 0.88
Ref. [2] - - 2200 19.9 81.2 35.5 0.69
Ref. [3] - - - 20.4 78.9 35.1 0.73
Ref. [5] - 50 3000 20.85 82.93 36.19 0.69
Ref. [6] 50 100 2500 21.61 70.0 34.10 0.90
Ref. [7] 20 50 1000 16.39 81.38 32.82 0.61
Ref. [38] 200 50 3000 17.7 79.5 34.6 0.64
Ref. [40] 400 50 2000 19.04 789 35.23 0.68
Ref. [41] 200 50 3000 19.88 80.22 36.4 0.68
Ref. [35] 200 50 3000 24.27 85.73 33.09 0.85
Ref. [34] 60 40 1000 21.44 85.1 29.56 0.85
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Figure 11. Simulated J-V characteristics compared with the theoretical [24,35] and experimental [36] works, for ZnO/n-CdS/p-CIGS

and Zn0/n-Mgq.125ZNno.8750/p-CIGS thin-films solar cells.

shown in figure 11. The findings are compared and vali-
dated with the previously reported theoretical [24,35] and
experimental [36] data for ZnO/n-CdS/p-CIGS and ZnO/
n-Mgy 1257109 8750/p-CIGS  thin-films cell
structures.

It has been observed that the solar cell with Mgy 1,5
Zn, 5750 buffer layer demonstrated the optimal perfor-
mance i.e. 1 = 22.01%, FF = 84.02%, J.. = 28.86 mA/cm?
and V.. = 0.90 V, compared with ZnO/CdS/CIGS cell
which gives 1) = 21.06%, FF = 82.61%, J. = 28.75 mA/cm?,
and V. = 0.88 V. The relative difference between these

solar

two solar cell structures is observed to be 4.31%, 1.66%,
0.35%, and 2.34% for 1), FF, ], and V,, respectively.

4. Conclusion

Based on the previous work [22] regarding a better
absorption coefficient of Mg 125Zng57,50 compound,
the performance of CIGS-based solar cell has been
compared with that having CdS compound, using the
wxAMPS-1D computational package. The performance
of two different solar cell structures have been
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optimized and compared in terms of doping and thick-
ness of buffer and absorbing layers, under AM 1.5 G
illumination. The best performance parameters are
found for n-Mg 125214 5750 buffer layer (n = 22.01%,
FF = 84.02%, J.. = 28.86 mA/cm? and V. = 0.90 V).
Therefore, Mgy 125214 5750 alloy could serve as a better
viable replacement for the standard CdS buffer layer in
CIGS thin-film solar cells. Overall, the findings are of
great significance to enable technological improvement
in the future experimental work.
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