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In this research work which is based on recent studies, we investigated the effects of the physical prop-
erties of the Zinc Sulfide (ZnS) buffer layer such as electronic affinity, doping concentration and thickness
on the electrical parameters of a defined solar cell structure. These properties values, combined with
those of the CIGSe absorber layer and other materials that make up our cell, provide vital information
on the optimization of the layer properties that enhance the efficiency of the CIGSe based ultra-thin solar

’Z(eJéWOTdS: cells. After a judicious choice of the input parameters of the materials constituting our solar cell device,
C?GSE we obtained employing SCAPS numerical simulation software, electrical parameters more interesting
Solar cell than those found in the literature. In particular, for 5 nm thickness of the ZnS buffer layer and 500 nm

thickness of the Culng;GagsSe, absorber layer, we obtained an efficiency n =21.42% and a fill factor
FF = 82.16%. For 5 nm thickness of the ZnS buffer layer and 2500 nm thickness of the Culng;Gag3Se;
absorber layer, we obtain an efficiency 1 =26.30% and a fill factor FF = 85.15% with a good choice of
others material properties such as intrinsic doping concentration, electrons and holes mobility. A good
knowledge of the exact parameters of simulations, allowed us to determine the values of the optimal
properties of the Cu(In, Ga)Se-ZnS solar cell, useful for their physical implementation.
© 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

This last decade has been marked by a dizzying rise in the field of
photovoltaics and precisely in the CIGSe based thin-film solar cells.
A record of 22.6% efficiency was achieved by the ZSW (Zentrumfiir
Sonnenenergie & Wasserstoff Forschung - Germany) center at the
end of 2016 and the research was oriented towards thickness
reductions; window and buffer layers substitution; optimization
of efficiency and stability of photovoltaic devices. Among the alter-
native materials recognized by the scientific community, zinc sul-
phide ZnS is illustrated as the most promising one, although the
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highest yield obtained with it to date does not exceed 22%
(Martin Green et al., 2016). In the process of reducing the thickness
of the layers, numerous works have been identified. Notably the
work of Mostefaoui et al. (2015), who arrived at a yield of 20.75%
with only 1 pm of absorber layer thickness and using ZnS as buffer
layer. Our recent work allowed us to obtain a very promising yield
of 22.62%, with nanoscale thicknesses for the different layers and
using CdS as buffer layer. In the following, we highlight using SCAPS
numerical simulation software, the influence of the values of cer-
tain properties of layers (ZnS and CIGSe) and interfaces mainly,
their electronic affinity, thickness and intrinsic doping level on
the performances of our solar device. Our main objective in this
study is to determine the values of the properties of the material
which allow us to obtain good and stable solar devices with better
performances and also to define the critical values of the properties
beyond which we can indeed obtain a good efficiency but unstable
and bad device (Powalla et al., 2006; Nakada and Kunioka, 1999;
Liao and Rockett, 2003; Schmid et al., 1993; Okano et al., 1998;
Romero et al., 2003; Jiang et al., 2003; Li et al., 2012; Minemoto
et al., 2001; Pogrebjak, 2011, 2012) (Fig. 1).

1018-3647/© 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. One-dimensional structure of the cell.

2. Material and methods
2.1. CIGSe - ZnS cell structure

The structure of the cell that we model for our simulations is
the following:

2.2. The ZnS/SDL and SDL/Cu(In, Ga) Se, interfaces

In the work of Soumaila et al., and in recent work (Soumaila
et al., 2014; Tchangnwa and Nya, 2017), the beneficial effect
related to the existence of the Surface Defects Layer (SDL) on the
performance of the cell is known. Indeed, SDL is due to the pres-
ence of an N-type (N-SDL) Indium-enrich layer on the surface of
the P-type absorber layer and this layer is responsible for the cleav-
age observed at the band gap level and it would have the effect of
improving the properties of the cell at the junction. Touafek and
Mahamdi (2014) interprets the SDL as a Copper-poor layer on
the surface of the absorber layer. The two interpretations are com-
plementary, the N-SDL therefore has a structure similar to the
absorber layer, but it has different properties. Consequently, the
P-N heterojunction in the CIGSe cell is indeed a homo-junction
which is formed between (P-CIGSe) and (N-SDL) and it is com-
pletely localized in the CIGSe structure. Thus, at the ZnS/CIGSe
junction, we may have two important interfaces: ZnS/SDL and
SDL/CIGSe and all the electrical properties of the SDL layer are
identical to those of the absorber layer, except for parameters such
as band gap, doping concentration and the mobility of charge
carriers.

2.3. Factors of loss of performances

By reducing the thicknesses to nanoscale, the current genera-
tion mechanisms face reverse processes tending to reduce the per-
formance and quality of the photovoltaic cell device. These are
recombinations and defects states.

2.3.1. Recombinations

These mechanisms are characterized by their rates R which rep-
resents the number of recombinations per unit time and per unit
volume of the semiconductor material and by the lifetime of the

charge carriers. There are three main recombination mechanisms
in literature: Auger recombination (Raygr), radiative recombination
(Rrad), Shockley-Read-hall recombination (Rsy). As part of our
work, only the first two will be studied. It is important to remem-
ber their mathematical expressions.

After all the necessary approximations made we have:
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Trad,n ANd Taygern are respectively the lifetimes of the electrons with
respect to the radiative and Auger recombinations. B is the radiative
recombination coefficient, p, the hole density at equilibrium, Cp is
the Auger recombination coefficient. These expressions play an
important role in limiting the intrinsic doping level of the absorber
layer as we will see a little further.

2.3.2. Highlightsing of the effects of defects states in the cell

The characteristics of semiconductor materials are strongly
influenced by impurities or defects. The latter are most often added
in order to increase the electrical conductivity or to control the life-
time of the material. Certain defects appear during the different
processes of preparation and deposition of the materials. They
act as factors of loss within the device (Benosman et al., 2003).

2.3.2.1. Highlighting of the defects states at the ZnS/SDL interface. The
main function of the ZnS buffer layer in the structure is to form the
heterojunction with the CIGSe absorber layer and protect the SDL.
Therefore, the deposition method must be chosen so that it mini-
mizes the density of the defects at the interface. In the ideal case,
which imply that, without the effects of defects at the interface,
the positive charges formed by the ZnO: B/i-ZnO/ZnS layers on the
other side of the junction compensate the negative charges in the
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space charge region (SCR) of width tsx which is almost wholly
localized in the absorber layer. At equilibrium we have:

Qn + qti—ZnONW + thnSNb = qNatZCE (5)

where Q, is the surface charge in the depletion zone of the boron-
doped ZnO window layer, q is the elementary charge, N,,, N, and N,
are the doping concentrations in the i-ZnO, ZnS and CIGSe layers
with respective thicknesses t;_z0, tzss and tzcg.

From this equation, it can be seen that the introduction of a neg-
ative charge materialized defect state for example at the interface,
reduces the width of the SCR in the absorber layer. As a conse-
quence, it will lead to increasing the rate of recombination at the
ZnS/CIGSe interface and thus reducing the cell device performance.
Touafek and Mahamdi (2014), who worked with the CdS/CIGSe,
confirmed this assertion.

2.3.2.2. Highlighting defects states at the SDL/CIGSe interface. In fact,
the presence of defects in themselves is inevitable and is not as
damaging as is thought. It is when their density increases that their
harmful effects are felt. An excess of localized defects states at the
SDL/CIGSe interface constitutes centers of recombination at this
interface and therefore points of manifestation of the mechanisms
of losses in performances. Touafek and Mahamdi (2014) studied
the effect of excess density of defect states at the SDL/CIGSe inter-
face for a cell using the CdS as buffer layer. They showed that for a
defect density of 10'>cm? and an electron-hole capture section
through the interface of 10712 cm™2, the efficiency dropped from
18.9% to 14%. Wan Fucheng et al. (2014) in their work show
through the AMPS-1D numerical simulation program that the
effects of defects states almost always act as loss factors on solar
cell performance. The following conclusion was drawn: When
the defect state densities are less than 10'* cm~3 in the absorber
layer and less than 10'® cm™ in the buffer layer, the defect states
have very little influence on the performance of the device.

2.4. Choosing certain ZnS properties

2.4.1. Reasons for choosing ZnS
ZnS has intrinsic properties which make it a material of choice
in the search for good performance in the CIGSe-based thin film

chain. It is recognized as having the following properties: It is
non-toxic to the environment; It has a wide band gap, which
allows the transmission of photons of higher energy, thus increas-
ing the absorption of the light spectrum in the absorber layer; It
has a relatively high exciton binding energy (34 meV); its shear
modulus (which indicates the stability of the crystal) is very large,
close to 45.5 Gpa; its refractive index is high (2.35); its structure
exhibits a better lattice matching with absorbers having energy
bands in the range (1,2-1,5eV) (BENGHABRIT, 2015); its con-
stituents are abundant in nature (Zinc and sulfur) and finally it
has a high mobility of electrons (165 cm™2/Vs).

2.4.2. Choosing of certain properties

In the literature, there are two ZnS crystallographic structures,
the Zinc Blende structure or cubic structure and the hexagonal
structure. Won Song et al. (2012) in their work, show that the cubic
structure, more stable at ambient temperature, forms a better lat-
tice matching with the chalcopyrite structure of CIGSe. It is the
properties of this structure that will be taken into account. It
allows us to record as the band gap energy value E; = 3.68 (eV)
and as the value of the dielectric constant &, = 8.3.

2.5. Numerical tools and input parameters of materials

We have modeled our solar cell device by using the version 3.3
of the one-dimensional numerical simulation software SCAPS
(Burgelman et al., 2000) and the input parameters are recorded
in Table 1.

3. Results and discussions
3.1. Optimization of ZnS properties

3.1.1. Optimal value of ZnS electronic affinity

We determine the optimum value of the electronic affinity of
ZnS in order to obtain better results. To do this, we consider as
the minimum value of y,, that obtained following the work of Al-
Ani et al. (2006) that is to say 3.9 eV and as maximum value, that
obtained following the work of Ramli et al. (2013) that is to say 4.5
eV. We study the influence of the value of y, on the output

Table 1

Input values of materials parameters.
Material properties CIGSe SDL ZnS i-ZnO ZnO:B
Layer thickness (nm) variable 10 variable 50 200
Band gap Eg (eV) 1.2 1.45 3.68 3.4 3.3
Affinity 7, (eV) 45 45 43 455 455
Dielectric relative constant & 13.6 13.6 8.3 10 10
Conduction band effective density of states: Nc (cm~3) 210" 210" 2210 3.10"8 3.10"8
Valence band effective density of states: Nv(cm~3) 1.10" 110" 1.5 10" 1.8 10" 1.8 10"
Electron thermal velocity Ve 107 107 107 107 107
Hole thermal velocity v, 107 107 107 107 107
Electron mobility p1, 50 100 165 100 100
Hole mobility 20 1.25 5 31 31
BULK DEFECT PROPERTIES
Type ACCEPTOR (A) DONNOR (N) DONNOR (N) DONNOR (N) DONNOR
(N)
Density of defect - - - - -
Doping concentration (cm~3) 10" 510" 107 10'7 10%°
INTERFACE PROPERTIES
Interface state CIGSe/SDL SDL/ZnS
Interface Conduction bandoffset: AE¢ (eV) 0.3 0.3
Defects density and type N(cm~3) I N(cm?) 10'° (Neutral) 2.10'2 (Neutral)
Capture cross-section electrons: Ge 10" 10713
Capture cross-section hole: oy, 10°1° 10715
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Fig. 2. Influence of ZnS y, on the efficiency (n) (Fig. 2a) and on the fill factor (FF) (Fig. 2b).

parameters of the cell (efficiency and fill factor) by varying it in the
range of values previously found for tqes = 500 nm which allows
us to plot the following Fig. 2a and b.

The figures Fig. 2a and b above show that the optimum value of
the ZnS electronic affinty for recording the best performance of our
solar cell is defined for y, € [4.1;4.5 eV]. This result is in very good
agreement with the previous results reported in literature (Al-Ani
et al.,, 2006). The maximum of the parameters is obtained for
% = 4.3 eV. This is the optimum value of the electrical susceptibil-
ity of ZnS according to our solar cell device.

3.2. Influence of the doping concentration of the absorber layer on the
parameters of the cell

Our recent work with the CdS as buffer layer (Tchangnwa and
Nya, 2017) has shown that, beyond a concentration of holes
N4=0.810"cm3, the overall parameters of the cell degrade
considerably. Soumaila et al. (2014) have shown in their work that
beyond N, = 10'® cm=3, the voltage reaches saturation indepen-
dently of the thickness of the absorber layer. These works
mentioned above allow us to study the influence of the intrinsic
doping level of the absorber layer on the output parameters of
the cell by varying first of all N4 between 10" and 10'°, and then
between 10" and 10'®, the thicknesses of the absorber layer tgs
between 100 nm and 2500 nm and the thicknesses of the buffer
layer tzys between 1 nm and 50 nm. This is done in order to show
more precisely the influence of the absorber intrinsic doping level
on the properties of the materials.

It appears from these figures that the photovoltaic parameters
of the cell are globally influenced by the intrinsic concentration
of the acceptors. The open-circuit voltage (Fig. 3a) increases sub-
stantially with the increase of the doping level N, for a fixed value
of the thickness of the absorber. By simultaneously increasing the
thickness of the absorber, it is realized that for the same value of
Ny, the values of V¢ increases, the same is true for the efficiency
(Fig. 3d). Conversely, the circuit current J- (Fig. 3b) and the fill fac-
tor (FF) (Fig. 3c) decrease significantly with the increase of Nj.

By setting the value of N4, and by varying tz;, the output
parameters of the cell are almost constant. This implies that, the

doping level of the absorber has no influence on the output param-
eters of the cell when only tz,;s varies.

When tqes < 250 nm, the doping level almost does not influ-
ence the output parameters of our cell. The conversion efficiencies
(Fig. 3d) and the fill factor (Fig. 3¢) remain almost constant. How-
ever, for tges = 250 nm the fill factor (Fig. 3¢) begins to decrease
with increase of Na.

When tggs > 500 nm, a significant increase in the output

parameters of the cell can be seen from the value N4 = 10" cm3.

For N, € [10™ : 10"], and for tggs < 2500 nm, the parameters of
the cell are globally interesting because Voc < Vsar (Fig. 3a), where
Vsar is the saturation voltage of our device. In addition, the short-
circuit current is at its maximum value Js = Jscjmay (Fig. 4b) and
the values of the fill factor (Fig. 3c) FF ~ 85%. This observation is
important because it will allow to circumscribe the optimal value
of NA.

ForN, > 10'3, the overall performance of the cell increases signif-
icantly. One would be tempted to believe that the best performances
can be obtained with a high level of intrinsic doping recorded in the
absorber layer, however two factors limit the adoption of a high level
of doping: The quality factor Fig. 3c decrease significantly character-
izes the poor quality and instability of the solar device in question;

For N, = 10'® cm~3 and considering tggs > 500 nm, saturation is
automatically reached. Thus for tqes = 500 nm we have Vocgsay =
0.80VJsc = 3439 mA/cm?, § = 22.27% and FF = 79.47%.

Indeed, according to the mathematical expression given by for-
mula (2), we note that the lifetime of the electrons will decrease
when the doping concentration P of CIGSe increases, so according
to the mathematical expression (4) the lifetime of electrons is
inversely proportional to the square of the hole density and there-
fore of the doping concentration. It is therefore necessary, when
controlling the intrinsic doping level of the absorber, to control
the concentration of the acceptors at an optimal minimum level,
the benefits of higher doping are limited by the Auger and radiative
mechanisms.

Moreover, for N; € [10" : 4.10" cm3], the performances of the
cell are globally very interesting. This would probably justify why
Daouda et al. (2015) obtained a good yield (18.6%) by working with
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Fig. 3. Influence of the acceptor density N, on the cell parameters for different CIGSe thickness values (Fig. 3a) Open circuit voltage (Voc), (Fig. 3b) Short circuit current
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N, = 7.10". However, they quickly reached saturation as soon as
tacs > 1000 nm. One of the aims of this work is to propose a solar
cell structure which can be manufactured with a thickness
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tacs = 2500 nm while maintaining good performances. The analy-
sis of the different graphs shows that the optimal intrinsic doping

level of CIGSe is N, = 10" cm3.
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It has also been shown that the majority of recombination
occurs in the CIGSe volume, ie they are dominant in the SCR, and
in this region, the open circuit voltage is expressed as:

l N anNCNV
]ph

LnNA
where D, is the electron scattering coefficient, Nc and Ny the state
densities in the conductance and valence bands, L, the electron
scattering length, N, the density of acceptor states in the CIGSe
layer. From this relation when N, increases, the voltage (Vo zcz) jom
tends to go towards saturation. These results are broadly in line
with those of Soumaila et al. (2014). As an important remark we
can conclude that, the limit of the doping level of the absorber does
not depend on the material of the buffer layer or on its thickness.

nkT
———1In

q

E
(Voc,ZCE)dum =t

7 (6)

The decrease in Jg- is due to recombination at the interface due to
their high density and the total non-collection of the charge carri-
ers. At the end of this analysis, the performance of our cell is not
improved with the increase of the level of doping for a value beyond
105 cm-3.

3.3. Influence of the thickness of the buffer layer on the parameters of
the cell

Cho et al. (2016) concluded at the end of their work that a thick-
ness of 8 nm ZnS buffer layer allowed them to obtain good yields,
ie 12.6% (April 2016). They obtained this result by optimizing the
ZnO/ITO window layer deposition process. However, its device
thus set up, although moderately satisfactory on the yield side,
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did not make it possible to obtain a stable and better structure due
to the low value of the fill factor FF = 66.8%. Moreover, its results
did not take into account the joint effects of other materials prop-
erties such as intrinsic doping, thickness values of the absorber and
the existence of the SDL. In this section, the influence of the ZnS
thickness on the output parameters of the cell is determined by
fixing Na = Noptima = 10" cm™> and by varying tqes =100 nm,
500 nm and 1500 nm.

Two major facts are highlighted in this section: The conversion
efficiency (Fig. 4d), the short-circuit current (Fig. 4b) and the open-
circuit voltage (Fig. 4a) all decrease with the increase of tz,s; The fill
factor (Fig. 4c) decreases for 3 nm < tggs < 15 nm, then it grows
from the value tges = 15 nm.
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Increasing tz,s does not increase the electrical output parame-
ters of the cell, but it allows to have a good fill factor that shows
a more stable structure but less good performance. The optimal
value interval of tz;is[3;20 nm]. Indeed, the smaller the tz,s the
more the majority carriers that are the photo-generated electrons
are collected. Literature proposes as a standard buffer layer thick-
ness for CIGSe thin films, 40 nm < tz;s < 60 nm, probably to justify
the design of more stable structures. In the challenge of reducing
the thickness, while maintaining good output parameters, it is
important to find a better compromise between Thickness-Yield-Q
uality-Feasibility of the structure. The best performances of our cells
are recorded for tz,s = 5 nm. This result is not very far from those of
Cho et al. (2016).
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Short-circuit Current (Jsc), (Fig. 5¢) Fill Factor (FF), (Fig. 5d) Efficiency (n).
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3.4. Influence of the thickness of the absorber layer 2000 nm and 3000 nm. By taking as input parameters the optimal
values of the properties of the other layers already chosen, this
section defines the thickness interval in which the best perfor-
mances are obtained. To this end, we study the effects of increas-
ing the thickness of the absorber layer on the output parameters of
the cell.

The aim here is to evaluate the effect of the thickness of the
active layer on the conversion parameters of the cell with the opti-
mized properties of the other layers. The standard thickness of a
Cu (In, Ga) Se, absorber in CIGSe solar cells varies between

Table 2
Output parameters of our photovoltaic device.
Absorber layer thickness (nm) Voc(V) Jsc (mA/cm?) FF n
500 0.7180 36.31 82.16% 21.42%
1000 0.7633 38.18 83.39% 24.31%
2500 0.7989 38.66 85.15% 26.30%
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Fig. 6. Influence of Temperature on the Output Parameters of the Cell.
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There are two main areas of interpretation, the first for 100 nm
< tags < 500 nm and the second for 500 nm < t¢gs < 2500 nm. It is
important to note first that, the parameters (Jsc, Voc, FF, 1) increase
significantly with the increase of t¢ps.

For tges € [100; 500 nm] the short-circuit current Jsc, is the
most affected parameter, its value goes from 20.65 mA/cm? for
tacs = 100 nm to 36.31 mA/cm? for tqgs = 500 nm. Which gives a
gain of 16 mA/cm? (Fig. 5b). This increase is due to the fact that
the width of the SCR is increasingly completely embedded in the
larger volume of the absorber layer, thereby reducing the rate of
backward recombinations at the CIGSe/Mo interface. Similarly,
between [100; 1000 nm], the V¢ increased from 0.65 to 0.76 V.
That is to say an increase of 0.13 V!! (Fig. 5a), which make it pos-
sible to pass the efficiency from 10.78% to 24.31% or a gain of
almost 14% (Fig. 5d) and finally to obtain an impressive fill factor
of 83.4% (Fig. 5c. But why do we record such good values of all
the output parameters of our solar cell device? It is important to
remember that we work with optimized values of materials prop-
erties. For ZnS, we have: the right choice of the crystallographic
orientation: Zinc Blende; the right choice of electronic affinity:
4.3 eV; the right choice of the dielectric constant: 8.3; the right
choice of thickness tz;s = 5 nm. For the absorber layer: the right
choice of intrinsic doping level: 10'> cm~3. For interfaces: The
presence of the SDL.

For tqes € [500,2500 nm], all output parameters change posi-
tively. Indeed, the thicker the absorber layer is, the greater is the
incidents photons quantity absorbed and the greater the conver-
sion yield. The open circuit voltage V¢ (Fig. 5a) continues to evolve
remarkably, which allows us to record the performances recorded
in Table 2.

Indeed, most of these results are in good agreement with those
of recent work on ultra-thins and nano-scale GIGSe based solar
cells (Pogrebjak, 2011, 2012), the differences being in terms of con-
ditions and simulation parameters.

These simultaneously good values of the conversion efficiency
and the shape factor are evidence of the good quality, stability
and performance of the solar structure in place.

However, these parameters reach their critical values as soon as
tacs = 2750 nm and above that value, results are not good at all due
to the poor value of the fill factor (Fig. 5c), of the short-circuit
current (Fig. 5b) and of the efficiency (Fig. 5d). The model of the cell
proposed in this work runs optimally when it is manufactured with
a maximum absorber layer thickness of 2500 nm and a minimum
value of 500 nm. This makes it possible to record one of the best
performances in the CIGSe-based thin films, taking into account
the good value of both efficiency and fill factor.

3.5. Influence of temperature

The aim here is to define the optimal temperature zone in
which our cell exhibits the best characteristics. A temperature
range from —40 °C for extremely cold regions to +50 °C for extre-
mely hot regions or T € [233 : 323 K] will be taken. And we run cal-
culations with the thickness of the absorber layer tcgs = 500 nm
and tacs = 2500 nm.

From Fig. 6 above, the solar device operates optimally for tem-
perature values T € [300 : 330 K]. These results are globally in good
agreement with those of Pogrebjak (2011).

4. Conclusion

This study focused on the studying of some properties of layers
and interfaces for the improvement of the performances of the
CIGSe solar cells using Zinc Sulfide maerial ZnS as buffer layer.
The real challenge was not the use of ZnS itself, but it was to find

through literature and recent work, the key values of the ZnS prop-
erties in a preferential crystallographic orientation, that allow to
obtain better performances. Starting on that point, we have
modeled the following cell (Ni/Al)MgF,/i —Zn0/ZnS/SDL/CIGS/
Mo/Substrat and our simulations were ran from version 3.3 of
the SCAPS-1D software. We have highlighted the benefits associ-
ated with the existence of the surface defects layer (SDL). Our buf-
fer layer material, Zinc sulfide (ZnS), in its Blende structure, forms a
more stable lattice matching with chalcopyrite structure of CIGSe.
That is why most of the key values of its intrinsic properties are
obtained from that orientation, especially its band gap
Eg,.s — 3.68 eV, its electronic affinity y, = 4.3 eV, its dielectric con-
stant & = 8.3, and later its thickness tz,;s = 5 nm, according to sim-
ulation results. After running numerous simulations, and after
judicious choice of property values of other materials we were able
to retain optimum doping level N4 = 10> cm~3 for the absorber
layer, and those values allow to record very promising perfor-
mances in the thin films solar cells, taking into account external
temperature conditions between 300 K and 330 K. Thus, a conver-
sion efficiency of 21.42% with a fill factor of 82.15% were achieved
for an absorber layer thickness of 0.5 um. When we increase the
absorber layer thickness to 2.5 um, a conversion efficiency of
26.30% and a fill factor of 85.14% are simultaneously recorded.
Those results are very promising given that they allow to have a
value greater than about 4% compared to the previously recorded
highest value (22.6%, ZSW - 2016); and they are also very prag-
matic, given the feasibility of this cell device as stated above in this
work. Critical values of properties such as absorber layer thickness
beyond 2.5 pm, which can indeed lead to unstable and bad device,
have also been highlighted. One of the aims of this study is, first of
all, to highlight the recent work that has been undertaken in this
field, and going further in research, some may obtain even more
interesting results by directing the work toward implementation
of additional manufacturing technologies, including the use of
antireflection coatings; the texturisation of the inner back layers;
the use of an electron back reflector to limit recombination; the
passivation of the rear and front contacts, that will allow the diffu-
sion of sodium through the contact and even more interesting and
not the cheapest one, the replacement of the usual molybdenum
back contact by Gold (Au) for example, will definitely allow to
obtain higher yields.
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