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One dimension solar cells simulator package (SCAPS) is used to study the possibility of carrying out thin
CIGS solar cells with high and stable efficiency. In the first step, we modified the conventional ZnO:B/i-
Zn0/CdS/SDL/CIGS/Mo structure by substituting the SDL layer with the P +layer, having a wide bandgap
from 1 to 1.12eV. Then, we simulated the J-V characteristics of this new structure and showed how
the electrical parameters are affected. Conversion efficiency of 18.46% is founded by using 1.1 wm of
P +layer thickness. Secondly, we analyze the effect of increase thickness and doping density of CIGS,

gzx:rgz;sity CdS and P +layers on the electric parameters of this new structure. We show that only the short-circuit

P+ layer current density (Jsc) and efficiency are improved, reaching respectively 34.68 mA/cm? and 18.85%, with

Back surface field increasing of the acceptors density. Finally, we introduced 10 nm of various electron reflectors at the

CIGS CIGS/Mo interface in the new structure to reduce the recombination of minority carriers at the back

SCAPS-1D contact. High conversion efficiency of 23.34% and better stability are obtained when wide band-gap BSF
is used.

© 2019 Association of Polish Electrical Engineers (SEP). Published by Elsevier B.V. All rights reserved.

1. Introduction

In the last few years, the solar cells constituted by CIGS have
impressed many researchers for their increasing efficiency studied
in numerous solar industries in the word. This boom has attained
the efficiency record of 20.03% in 2013 [1]. In 2016, they reached
efficiency of 22.6 [2] and it does not cease increasing because of the
improvement of treatment techniques. The CIGS absorber layer has
a direct bandgap and a high absorption coefficient (10> cm~1) [3],
and only few micrometers are required to absorb the maximum
photons. Another very important advantage of CIGS absorber layer
is its bandgap, which depends to the gallium proportion in this
layer. The partial substitution of indium by gallium enlarges the
bandgap from 1.02 to 1.69 eV according to the Eq. (1).

Eg(x) = 1.02 + 0.67x + bx(x—1). (1)

Wherex is the proportion of gallium in alloy, i.e. Ga/(Ga+In) ; and b
is an optical parameter generally taken between 0.11 and 0.24 [4].

The record efficiency of CIGS thin films solar cells are closely
related to the quality of the p-n junction formed between absorber
(CIGS) and buffer layer (CdS). Speculations and contradictions were
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made on the configuration of the CIGS/CdS interface. By using
electron microscopy, combined to the catholuminescente spec-
troscopy, Remero et al. [5] proved the experimental existence of
a surface layer with electronic properties different from the bulk
absorber (CIGS). This wide bandgap surface layer at the CIGS/CdS
interface, would be essential to obtain a high efficiency. Indeed, a
three-stage co-evaporation process is usually used to produce high
efficiency CIGS solar cells. In this process, a Cu-poor composition
is intentionally creates on the surface of the CIGS. However, graz-
ing incidence X-ray diffraction, X-ray photoelectron spectroscopy,
transmission electron microscopy and energy-dispersive X-ray
spectroscopy study did not confirm the existence of this surface
layer [6,7]. On the other hand, several publications have shown
a diffusion and intermixing of the cadmium atoms (Cd) into the
absorber layer or into its surface region during the chemical bath
deposition of the CdS layer. An analysis of the chemical composition
of the CulnSe,/CdS interface, carried out by Liao et al. [8], showed
a diffusion of Cd atoms in the first atomic layers of CulnSe,. This
diffusion is accompanied by Cu depletion on the absorber surface,
thus suggesting that the Cd atoms which act as a donor type defect
state occupy Cu sites causing inversion of the surface region of the
absorber and a p-n junction within the absorber layer. However,
the presence of the surface layer does not appear due to the Cd
diffusion. Since, it has been detected in devices without CdS and
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Fig.1. Schematicrepresentation and band diagram of two cells’ configuration at the equilibrium: (a) with SDL layer (conventional structure), (b) with P+ layer (new structure).

might be caused by an n-type surface defect layer (SDL) present at
the surface of the CIGS layer [9,10].

Through several influences’ profiles, Huang et al. [11] show
that the influence of the concentration of the donors could be the
cause of the pinned of the absorber Fermi level, which affects the
buffer/absorber interface and consequently, improves at the same
time Vgcand Jsc.

Another group of researchers propose the presence of P+layer
at the CdS/CIGS interface. Indeed, several publications accompa-
nied by theoretical studies suggest the presence of P+layer with a
high acceptor defect concentration at the CdS/CIGS interface, which
creates a strong distortion of the J-V characteristics [12]. This layer
plays a destructive role in the efficiency of the solar cell, by increas-
ing recombination at the CdS/CIGS interface.

In first step of this work, we made a compared study
of the conventional CIGS solar cell structure (ZnO:B/i-
Zn0O/CdS/SDL/CIGS/Mo), with a new structure containing P +layer
(Zn0:B/i-Zn0O/CdS/P+/CIGS/Mo).

In the second step, we proposed to optimize the new structure
by focusing on the materials forming the p-n junction (CdS, P+,
CIGS). Thus, we have elucidated the influence of thickness, density
of donors and acceptors of CIGS, CdS and P+layers on the per-
formance of the cell. The result shows that increasing acceptors
density in CIGS and P +layers reduce the photocurrent due to the
recombination process in the CIGS absorber. To enhance the per-
formance of new structure, an electron reflector (BSF) is placed at
the Mo/CIGS interface and the modifications of the electrical due
to this layer are explained.

2. Materials and methods

Two types of configuration are discussed in this work:
the conventional structure constituted by SDL layer (ZnO:B/i-
ZnO/CdS/SDL/CIGS/Mo/substrate) and the new structure,
where the SDL layer is replaced by the P+layer (ZnO:B/i-
Zn0/CdS/P+/CIGS/Mo/substrate). The schematic representation
and the equivalent band diagram of these configurations, calcu-
lated at the thermodynamic equilibrium condition, are given in
Fig. 1. The fundamental parts of the cell are the CIGS absorber,
CdS buffer layer and the P+or SDL layer at the CdS/CIGS interface.
In the conventional cell structure [Fig. 1(a)] [13], a thin Surface
Defect layer (SDL) is founded at the CdS/CIGS interface. This layer
is replaced by P+layer, increase the recombination phenomena at
the CdS/CIGS interface deteriorates the electrical parameters of the
cell [14]. This result is in agreement with that of works Gloeckler
et al. [15], which showed that the P+layer used at the CdS/CIGS

interface creates recombinations resulting from the states of the
junction between the buffer layer and the CIGS absorber. An
intrinsic layer ZnO (i-ZnO) is deposited on the top of the buffer
layer. This layer is commonly called conducting transparent oxide
(CTO) because of its large bandgap, which makes it transparent for
most of the solar spectrum. Hagiwara showed that ZnO: Al presents
absorption losses, causing a reduction in the quantum efficiency
in the areas close to the infrared. Boron-doped ZnO would be
more beneficial for the solar cell in term of transparency [16]. The
surface of a CTO layer is covered with an anti-reflecting layer MgF,.
This layer decreases the photon reflection and consequently, the
number of photon arriving in the absorber layer increases. Table 1
summarizes the parameters used for our reference CIGS solar cell
[Fig. 1(b)] in this numerical simulation.

Experimentally, it is extremely difficult to predict the behaviour
of the solar cell when some parameters are modified because of its
complexity. The numerical simulation is thus an important tool for
better understanding the parameters influencing the solar cell. Its
advantage is that it allows to foresee new methods of design of a
solar cell, while reducing the costs (time, money). In this simula-
tion, AM 1.5 solar radiation is used as a source of lighting with a
1000 W/m? power. The reflection on the front and back contacts
are fixed to 0.1 and 1, respectively. The other parameters of the
simulation are listed in Table 1. Several softwares were elaborated
with an aim of simulating thin film solar cells [17]; among those,
SCAPS-1D, AMPS can be used. Degrave et al. [18] have generally
used SCAPS-1D in the simulation of CdTe and CIGS based solar cells.
The good agreements between the simulation results and those of
the experiment [19,20] motivate us to use this code in our work.

3. Results and dicussion
3.1. Comparison of the performances of the solar cells

If it is clear that modelling is an essential tool to understand and
improve solar cells, the interpretation of the results of modelling
requires one extreme precaution. We compared the J-V charac-
teristics (Fig. 2) of the two previous structures. It comes out that
the efficiency of the conventional cell is improved, compared to
the new structure. Indeed, this gain is due to the presence of the
SDL layer which reduces the effects of the interface states between
absorber and buffer layer. In our previous paper, we have shown
that the SDL layer at the CdS/CIGS interface allows to improve the
open-circuit voltage and consequently the conversion efficiency by
shifting the electrical junction away from the high-recombination
hetero-interface between CdS and the SDL [13]. We note that there
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Table 1
Parameters used in the numerical simulations for both configurations.
Parameter Layer
CIGS P+/SDL Cds i-ZnO ZnO:B
W[pm] Variable Variable/variable Variable 0.070 400
EgleV] 1.15 1.15/1.3 24 3.3 3.3
gleg 13.6 13.6/13.6 10 9 9
Nc [em—3] 2.2x 1018 2.2x10'8/2.2x1018x 2.2x1018 2.2x1018 2.2x1018
Nv,[cm~3] 1.8x10"? 1.8x10'9/1.5%x 108 1.8x10" 1.8x10" 1.8x10"
Vine [cm/s] 107 107/3.9 x 107 107 107 107
Vinp [cm/s] 107 107/1.4 x 107 107 107 107
e [cm?/Vs] 100 100/10 100 100 100
Wp [cm2/Vs] 25 25/1.25 25 25 25
Doping [cm—3] Variable Variable/variable Variable 107 1020
Bulk defect properties
Defect density and type: N(cm—3) 10'(D) Variable(D/A) 5x 10'6(A) 10'%(A) 10'6(A)
Capture cross-section electrons: o (cm?) 1015 10-13 10-15 10-15 10-15
Capture cross-section holes: o}, (cm?) 101 10°15 5x10-13 5%x10-13 5x10-13
Interface properties
Interface state CIGS/P+ P+/CdS
Interface conduction band offset: AE.(eV) 0.3 Variable
Defect density and type: N(cm~3)N[cm?] 10-""(Neutral) 3x10713 (Neutral)
10 10
NA O N N N
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Fig.2. Comparison of the J-V characteristics of the conventional and new structures.

Table 2
Comparison of the electrical parameters of the two solar cells.

Solar cell Voc (V) Jsc (mA/cm?) FF (%) n (%)
New structure 0.6579 33.342 80.99 18.46
Conventional structure 0.6959 32.529 75.26 17.70

is aless significant loss of the short-circuit current density (Jsc). The
band-gap energy of the SDL is higher than of the CIGS bulk regions.
This leads to a lower absorption coefficient and a lack of absorption
in the long-wavelength portion of the solar spectrum, which affect
Jsc. When the SDL layer is replaced by the acceptor-like states (P+)
layer, the fill-factor and the open-circuit voltage slightly increase.
However, when the acceptor density in the P+layer is high, J-V
characteristics undergoes a strong distortion leading to a strong
reduction of the fill factor. In this part, the densities of the donors
and acceptors in the SDL and P+ layers are similar to have an objec-
tive comparison. These results are in good agreement with those
reported by Ouédraogo etal. [20].

The electrical parameters extracted from J-V characteristics for
both configurations are listed in Table 2.

The following sections will be focused on the reference cell by
studying the CdS/CIGS junction parameters on the solar cell perfor-
mances.

3.2. Effect of CdS donors on the J-V characteristics
In this part, we analyze the influence of the CdS buffer layer

donor density on performances of the new structure. No variation
of the J-V characteristics is observed when the donor density is

Voltage (V)

Fig. 3. Influence of the CdS donors’ concentration on the J-V characteristics.

increased (Fig. 3) for a fixed buffer layer thickness. This is simply
explained by the fact that this layer does not participate in the pro-
duction of the photocurrent. The absorption of photons in this layer
contributes to reduce the number of photon that reaches in the
absorber layer, to contribute to the photovoltaic effect.

3.3. Donor defect concentration effect on the J-V parameters as
function of the CdS thickness

CdS buffer layer’s thickness can contribute to the degradation
of the solar cell performances; hence, it is essential to reduce this
one in order to limit the absorption losses of photons, which most
reached the absorber layer. Thickness variation of this layer, accord-
ing to its donor’s density, also affects electrical parameters of the
solar cell (Fig. 4).

The electrical parameters of Voc (Fig. 4c), Jsc, [Fig. 4(b)] and
the efficiency [Fig. 4(d)] drop with the increase of thickness and
donor density of the CdS layer. Jsc decreases because the photon
absorptions in this layer does not participate in the photovoltaic
conversion. On the other hand, FF slightly increases under this con-
dition, but reached a limiting value for a thickness higher than
0.01 wm. In addition, the rapid decay of Vo, Jsc and the efficiency is
simply due to the absorption of the photons in the thick CdS layer;
this result is agreement with the result obtained by Topicet al. [21].
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Fig. 5. Current-voltage characteristics according to the CIGS acceptors concentra-
tion.

3.4. Acceptors concentration effect of the absorber layer

At the time of the absorber growth much impurities are likely
to appear within this one. The most obvious case is the presence
of sodium in the absorber, coming from the soda glass. A control
of the doping agents is recommended to optimize the performance
of the device since to great quantity; they could have an effect on
the lifetime of these carriers [22]. Thus, we propose to elucidate
the influence of doping on -V characteristics (Fig. 5). The increase
of CIGS layer acceptors’ concentration affects the electrical param-
eters (VocJsc and m) of the solar cell. The results show that the
increase of the acceptor concentration in absorber decreases the
recombination velocity, which increases the open circuit voltage.
This result is in good agreement with Demtsu et al. [23]. The accep-
tor concentration slightly affects the short-circuit current density

when this parameter increases, due to the most recombination
process.

3.5. Absorber thickness effect on the electrical parameters

Figure 6 shows the effect of the donors Ny according to the
absorber thickness. This study shows that, the electrical parame-
ters (Voc, Jsc, FF and m) of the cell practically follow the same trend.
The increase of these electrical parameters with the absorber thick-
ness is due to a widening of the space charge region, which extends
in the least doped layer, where photovoltaic conversion takes place.
On the other hand, the quantity of absorbed photons and the gen-
erated electron-hole pair, which contributed to the photocurrent,
increase with the absorber layer thickness; this result is in a good
agreement with the work of Huang et al. [11]. The increasing of
the CdS donors’ concentration slightly decreases Jsc, Voc and m
[Fig. 6b)-Fig. 6d)] due to recombination and absorption process in
this buffer layer. The increase of FF [Fig. 6a)] is linked to the over-
doping of the buffer layer, which makes it possible to obtain a low
ohmic contact resistance at the absorber-buffer layer contact.

The best efficiency of the cell is obtained when Nof CdS layer is
between 6 x 1017 and 9 x 10!® ¢cm~3; above these values, variation
of the efficiency of the solar cell is almost insignificant whatever
the variation of CIGS layer thickness [Fig. 6d)]. This result is in
agreement with the experiment result of Igalson et al. [24].

Figures 7(a)-(d) show the effect of the absorber thickness on
the electrical parameters, for different absorber acceptors density.
With SCAPS-1D, this study is made by keeping constant the other
parameters of the solar cell. All the electrical parameters have dif-
ferent behaviours when thickness and acceptors’ concentration of
the absorber increase. The efficiency of the cells increases signif-
icantly with the increase of the absorber doping. This increase
reaches a maximum limit for a density of about 8 x 1016 cm=3.
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Beyond this value, there is a reduction in the efficiency indepen-
dently of CIGS absorber thickness [Fig. 7(d)]. This increase is related
to the reduction of the width of the space charge region (Wscr). Jsc
[Fig. 7(b)]), FF [Fig. 7(a)] and V¢ [Fig. 7(c)] also increase with the
increase of absorber thickness for a fixed acceptor density.

The increase of Vo with the thickness and the acceptors density
of CIGS absorber layer is related to most generation of electron-
hole pairs, and, thus the increase of the photocurrent. Jsc decreases
with the reduction of absorber thickness because of the increase
in the recombination rate at the back contact when CIGS layer
is very thin. The abrupt decrease of Jsc is also explained by the
fact that, the absorber being completely depleted, the separation
of the Fermi quasi-levels is limited [14]. Jsc also decreases with
the increase in doping whatever the value of absorber thickness;
this can be due to the most recombination process. This result is in
agreement with Ouédraogo et al. [13]. The increase of FF with the
acceptor density in the range of 2 x 1016 to 4 x 1016 cm=3 is due
to weak recombination phenomenon in the depletion region. On
the other hand, the decrease of FF for acceptor density greater than
4 x 10'6 cm3 produces an increase in the bulk recombination [17].
When the absorber thickness decreases, a small quantity of pho-
tons is absorbed and the quantity of pair electron-hole decreases;
this leads to the decrease of the solar cell efficiency [13]. The low
increase of the efficiency with the absorber thickness [Fig. 7(d)] is
related to the combined effects of the low decrease of Js¢c and the
strong increase of Vgc.

3.6. Effect of the P +layer on the electrical parameters

According to Igalson et al, the J-V curves and photovoltaic
parameters of the CIGS cells depend on the window and interface
properties of the cell [25]. The P+layer increases the recombina-
tion mechanism at the CdS/CIGS interface and, thus reduces the
electrical parameters of the cell [24]. In this part, the acceptor
densities in the absorber layer and those of the donor in the CdS
layer have been fixed respectively at 5 x 1016 and 8 x 10'8 cm—3.
Then, we studied the acceptor concentration in the P+layer and
its thickness on the J-V parameters. Figure 8 shows the influence
of acceptors density of the P+layer on the electrical parameters.
Jsc, FF and the efficiency decrease and follow the same trend when
the thickness and the acceptors concentration of P +layer increase.
These results are in agreement with the results of Ref. 26, which
showed that the fill factor losses depend on the width and concen-
tration of acceptor in the P +layer representing Vse-V¢, defects in
the acceptors’ configuration. It has been shown that the high neg-
ative charge density in the P+ layer leads to a reduced voltage drop
within the absorber layer. The built-in electric field in the space
charge region of the CIGS layer is therefore lowered, resulting in
a worse FF [27]. However, the reduction of the acceptors density
in the P+layer from 8 x 1016 to 2 x 10'® cm™3 [Fig. 8(d)], with the
thickness of 10 nm, leads to an optimal efficiency close to 18.50%.
In addition, the degradation of the efficiency with increase of the
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Table 3
Parameters of various layers BSF [21].
Parameters BSF
W [pm] 0.01
Eg [eV] variable
gleg 13.6
Nc [em—3] 2.2 x 108
Nv [cm—3] 1.8x10"
Vi€ [cm/s] 107
VinP [em/s] 107
e [cm?[Vs] 100
Mp [cm?/Vs] 25

Doping [cm—3] variable

thickness and the doping concentration of the P+layer is related to
the reduction of FF and Jsc.

A thick layer and a higher doping of the P+layer degrade the
performances of solar cell. An efficiency of 18.50% is obtained for a
thickness of 10 nm and a concentration N, of 2 x 1016 cm—3 in the
P+layer. In the following sections, these parameters will be used to
optimize the new structure (Fig. 9).

3.7. Solar cell for high performance

To optimize the new structure, we have inserted a high band-
gap layer commonly called Back Surface Field (BSF) at the CIGS/Mo
interface. This becomes very important for electrons generated
close to the black contact, which have high probability for back con-
tact recombination when the thickness of the absorber is reduced
[28]. The BSF creates a potential barrier for the electrons while
having an ohmic behaviour with the holes. Experimentally, three
approaches are generally used to create this barrier: (i) adapt the
work function of the back metal in order to obtain the desired band
bending on the CIGS layer, (ii) insert a highly doped p-type layer at
the CIGS/Mo interface along with a relatively wide gap for a good
transparency. This is generally achieved by inserting a very thin
layer of CuGaSe; at the CIGS/Mo interface [29], (iii) a linear increase
in Ga content at the back (Back-grading)[15]. These three situations
have been represented in Fig. 8. A comparative study of these differ-
entapproaches has been done by Gloeckleretal.[15].In our case, we
used the approach (ii). We fixed the thickness of the buffer layer, as
well as the donor density at 50 nm and 8 x 10'® cm—3, respectively.
The absorber acceptor density is also set at 5 x 1016 cm~3. How-
ever, to appreciate the influence of the BSF layer, we reduced the
absorber thickness to 1 wm. The parameters of the other layers are
identical to those of Table 1. The doping of the BSF is chosen so that
it should be greater than that of the absorber. The other parameters
of the BSF layer are shown in Table 3.

Figure 10 shows the behaviour of the -V characteristics as func-
tion of the BSF layer bandgap, and compared with the two previous
structures (Fig. 1).Itis noticed that, the more the bandgap of the BSF
increases, the better is the efficiency of the cell. This is explained

20 0.2 0.4 06 als

6———o BSF2(E?=1.10 eV
s——» BSF1 (E?=1.01 eV
-14 - =——-+: New structure 1
Conventional structure

BSF3 g E_=1.12 eVi

Current density ( mA/cmz)
3

30 o ﬂa&z’z’z 1

34 4

-38
Voltage (V)

Fig. 10. Current - voltage characteristics of conventional structure and the new
structure with BSF at the CIGS/Mo interface.

Table 4

Comparison of the electrical parameters of various structures.
Structure of the solar cell Voc (V) Jsc FF (%) m (%)

(mA/cm?

i-Zn0/CdS/OVC/CIGS/Mo 0.6959 32.529 75.26 17.70
i-Zn0O/CdS/P+/CIGS/Mo 0.6579 33.342 80.99 18.46
i-Zn0O/CdS/P+/CIGS/BSF(E; =1.01eV)/Mo 0.74 34.84 81.92 21.59
i-Zn0/CdS/P+/CIGS/BSF(E; =1.10eV)/Mo 0.76 34.85 82.04 2251
i-Zn0O/CdS/P+/CIGS/BSF(E; =1.12eV)/Mo 0.79 34.86 82.59 2334

by the fact that increase of the BSF layer bandgap also increases
the potential barrier in the rear contact. This effect reduces the
recombination of minority carriers at the back contact of the cell,
by having an ohmic behaviours of the majority carriers (holes).
Efficiency of 21.59%, 22.51% and 23.34% (Table 4), corresponding
respectively to 1.01eV, 1.10eV and 1.12 eV BSF layer bandgap, are
obtained within this simulation. The role of the BSFlayer is in agree-
ment with the results carried out by Teyou et al. [30] in the case of
CdTe-based solar cell. Add the BSF layer at the CIGS/Mo improves
Voc and seems to have a low influence on Jsc and FF parame-
ters (Table 4). According to Gloeckler et al. when the thickness of
the absorber is between 0.4 and 1 .m, a larger back barrier gives
rise to a larger back-contact depletion region, which attracts light-
generated carriers and increases Jsc losses [15], which is in good
agreement with our results. The increase of the gap band of BSF
as a function of the variation of its doping increases the electrical
parameters of the cell. An efficiency of 21.59%, 22.51% and 23.34%,
respectively correspond to a BSF band-gap of 1.01 eV, 1.10eV and
1.12 eV for a variation of its respective doping of 4 x 1016, 6 x 1016
and 8 x 10'6 cm~3 are obtained in this simulation. Generally, the
BSF layer provides an average gain of 3 mA/cm? of the current den-
sity. This is in agreement with the references’ results [4,11,30].

We have summarized in Table 4 the electrical parameters of
various configurations of CIGS-based solar cells.

Based on the results presented in Table 4, structures containing
BSF layer, present better efficiency compared to those of conven-
tional and new structure without BSF layer. The presence of BSF
layer in the solar cell structure has as a role to avoid the recom-
bination phenomenon at the Mo/CIGS interface, by reflecting the
minority carriers towards the main junction. The presence of BSF
layers in the cell structure improves the electrical parameters of
the solar cell (Table 4).

3.8. Effect of the temperature

Operating temperature plays an important role in the perfor-
mance of CIGS solar cell. Figure 11 shows the effect of temperature
on the conversion efficiency of various structures of solar cells.
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Fig. 11. Effect of the operating temperature on the normalized efficiency.

As can be seen, the conversion efficiency decreases linearly with
the increase of the operating temperature. The declination of the
efficiency with the temperature are -0.37%/K and -0.35%/K for the
conventional structure and the new structure, respectively. Many
studies have shown that temperature affects the optical, structural
and electrical properties of CIGS based solar cells. The recombina-
tion mechanisms become more important when the temperature
increases due to the modification of the band-structures. The
difference of temperature coefficients between the conventional
structure and the new structure is due to the presence of SDL or
P+layer at the CdS/CIGS interface. The CIGS solar cell containing the
SDL layer at the CdS/CIGS interface has a better stability than the
one containing the P+ interface layer. Because the SDL layer reduces,
recombination at the interface of the junction thus allows the CIGS
cell to have a good coefficient compared to the P+layer, which
instead increases the recombinations at the interface CdS/CIGS by
lowering the Fermi level of the interface.

When the BSF layer is introduced into the back contact of the
new structure, there is an improvement in the stability.

4. Conclusions

In this study, the role of junction configuration and its impact
are numerically investigated, using SCAPS-1D software. We var-
ied absorber, buffer and P+layers thickness, as well as donors and
acceptors density in order to get optimal performances. We showed
that increasing acceptors density in the absorber layer leads to
a reduction of solar cell performances. For instance, short-circuit
current is reduced of about 3.8 mA/cm? due to increasing recom-
bination in the bulk of the absorber. The P+layer, present at the
interface of the absorber and the buffer layer in the structure of
a CIGS-based solar cell, is less beneficial than the OVC layer. We
noticed that whatever the absorber thickness, good performances
are obtained when acceptors density is between 2 x 1016 cm—3 -
8 x 10'6 cm~3. The efficiency and the fill factor of our numerical
sample is of 18.85% and 81.9%, respectively. Our results obtained
from these simulations are in good agreements with experimen-
tal results. Our study also shows that a thicker CdS buffer layer
reduces cell’s efficiencies; therefore, it seems important to reduce
it.Increasing doping concentration in buffer and P+ layers decreases
cell’s parameters. However, different BSF layers were introduced
between the CIGS layer and back contact in order to get high
efficiencies with a thinner absorber layer. BSF layer with a large
bandgap (most reflecting minority carrier) leads to better effi-
ciency. When using this configuration, better thermal stability and
efficiency of -0.27%K and 23.34% are obtained, respectively.

G.L. Mbopda Tcheum: Data curation, Methodology, Software,
Writing - original draft.
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