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Abstract

In this paper we have study the AZO/ZnO/CdS/CIGS/Mo/SLG heterojunction. We have study precisely the effect of Cu,O
insertion between CIGS layer and Mo left contact. For this, we fix the Cu,O thickness at 100 nm. After this, we replace Cu,O by
KF material with the same thickness. The use of those materials is motivated by their photovoltaic properties, their metallic
content but also their non toxicity compared to PbS. By using SCAPS_1D software we have stimulated the effect of those buffer
layers materials in electrical parameters as efficiency of solar cell, file factor, open-circuit voltage and short-circuit current
density. Then, the efficiencies are around 24, 64% and 24.80% respectively for Cu,O and KF. We note that the efficiency
increases at 21% to 24%. This introduction allows to establish a record efficiency for this kind of structure We note the same
behavior for the file factor at 78.91% to 79.74% and 80.10% respectively for Cu,O and KF. These high electrical performances
have obtained by using an Aluminum left contact and Molybdenum back contact. The functional temperature variation allows to
obtain 26.20% and 25.99% efficiency for KF and Cu,O at 278.16 K. This functional temperature variation shows that by using
phase change materials, we can attempt a record efficiency of 26%. This result is an improvement of 2% compared to ambient
temperature. At the same time, this study shows that we have a big photovoltaic potential in the winter and in temperate area, near
the pole area. This allows to find more recoiling technologies in order to improve more the efficiency of photovoltaic solar cells.
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1. Introduction

In the recent decades, many researches in photovoltaic so-
lar cells are about thin film solar cells as CIGS. With the news
depositions technics and the results of simulations researches,
a record efficiency is obtained 23% [11] and 24% [3, 18]. For
more optimization of electricals parameters, we are putting
Cu,O layer between Mo and CIGS absorber layer that we

replace by KF. We use 100 nm as Cu,O and KF thickness. A
Molybdenum work function of 5.62 ev [7] is using as left
contact and 4.28 ev [11] Aluminum work function as right
contact. At the first part we simulate the two CIGS thin CIGS
solar cells with Cu,O and KF and in the second part we var-
ying functional solar cell temperature to study the effects in
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electricals parameters of CIGS solar cell.

2. Numerical Modal

Even so the majority of CIGS thin film solar cells are ex-
perimental; the simulations have an important role in re-
searches. They allow to optimize quickly the solar cells per-
formances with no expensive spend by using the power of
computer calculation. The SCAPS_1D simulations software
is developpe by Gent Belgium researchers at physics de-
partment (electronic and semi-conductors). It uses the
semi-conductor’s basis equations:
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€: dialectical permittivity

@: electrical potential

q: electrical charge

p: holes density

n: electrons density

R: holes and electrons pair recombination rate

G: holes and electrons generation rate

By placing Cu,O between CIGS and molybdenum; we
obten the following heterojunction structure
AZO/n-ZnO/n-CdS/p-CIGS/Cu,O/Mo indicate in this figure:
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Figure 1. Representation in SCAPS_1D of CIGS solar with Cu,O in a et KF in b buffer layers.
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Figure 2. Structure of n-ZnO/n-CdS/p-CIGS/Cu,0/Mo in a et n-ZnO/n-CdS/p-CIGS/KF/Mo in b solar cell heterojunction.

The parameters values that we use for our simulations are summarizing in this the following tab:
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Table 1. Opto-electronics parameters [1-22].

Materials Cu,O KF
Thickness (jum) 0,100 0,100
Band gap energy 2,17 15
Electronic affinity 3,200 4,170
Relative dielectric permittivity 7,110 6,050
Effective state of density CB (1/cm°) 2,02.10Y 2,2.10%8
Effective state of density CV (1/cm®) 1,8.10%° 1,8.10%
Electrons thermal velocity (cm/s) 107 107
Holes thermal velocity (cm/s) 107 10’
Electrons mobility (cm?/Vs) 2.102 1.10°
Holes mobility cm?/V/s) 8.10! 2.5.10!
Donnor density (1/cm3) e
Acceptor density (1/cm3) 1,00.10% 5,5.10%
Total default density 1,00.10% 1,0.10%

p-CIGS

25
1,15
4,530
13,600
2,20.10"
1,8.10%°
10°

107

1.102
2.5.10*
1.107
1.107
1,00.10*

n-Cds

0,040
2,4
4,400

10
2,20.10'
1,8.10%
10’

107
1.10?
2.5.10
1.10%

1,00.10%

n-ZnO AZO
0,080 150

34 34
4,600 4,600
9,000 9,000
2,00.10" 2,00.10"
1,8.10% 1,8.10%°
10’ 10’

107 10’
1.10? 1.10
5.10* 5.10
1,00.10%® 1,00.10%
1,00.10% 1,00.10"

3. Results et Discussions

The both electrical parameters which are more important
are efficiency and file factor. The efficiency is the rapport
between the electrical power supply by the solar cell and the
power supply by the light used. The file factor is the rapport
between the product open-circuit voltage and the short-circuit
current density and the light power used. The others electrical
parameters that we use to assess the solar cell performances
are open-circuit voltage, short-circuit current density. The
current density-voltage characteristics of photovoltaic solar
cell under illumination is describe by the diode equation:

aV-Rs]) V-Rg
]V=]0(e AKT —1)+ Rp]—]ph (@))

with J the current density, V the voltage, Jo the saturation
current density; g: the electron charge, R, series resistance, R,
shunt resistance, A diode ideal factor. K Boltzmann constant,
T the temperature and Jy, the photo-current.

This equation is used for the littles minorities charges car-
riers’ diffusion length. This dependance in J in the right term
of the characteristic equation which cause the non-linear
equation can be remove if series resistance is missing and in
infinite shunt resistance. Then, this equation becomes:

qV

Iv="17o (em - 1) = Jpn ©)
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By this equation, we obtain the short-circuit current density
if V = 0 and the open-circuit voltage when J = 0.

Jec = _]ph (6)
_ KTy o
Vo = “Tin(22 4 1) )

As define preciously, we calculate the efficiency and file
factor as this:

V Veo.FF
— ]max max — ]CC cOo (8)
Ps Ps

FF — ]CiVCO (9)
S

The quantum efficiency is the rapport between the number
of holes-electrons and the photons number arrivate in the solar
cell surface. It is given by:

QEQ) = L2

q.¢(1) (10)

3.1. Effect of Buffer Layers in Electrical
Parameters

The Figure 2 show the J-V characteristics of CIGS solar
cells with Cu,O or KF buffer layers and without buffer layer.
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Figure 3. J-Characteristics of CIGS solar cell with Cu,O or KF buffer layer and without buffer layer.

Then, the electrical parameters without and with Cu,O or KF buffer layers are summarizing in the following tab:

Table 2. Electrical parameters obtain after simulation.

Parameters Voc (V) Jsc (mA/cm?)
CIGS without buffer layer 0.7433 37.312140
CIGS with Cu,0 0.8240 37.969319
CIGS with KF 0.8264 38.007845

By integrating Cu,O or KF buffer layer between CIGS
absorber and Molybdenum contact; we note that the effi-
ciency increase at 21.89% to 24.64% and 24.80%. We note
the same variation for the file factor at 78.91% to 79.74% and
80.10% respectively for CIGS solar cells with Cu,O and KF.
We note the same behavior to the open-circuit voltage and the
short-circuit current density. This efficiency increasement can
be explain by the fact that the Cu,O or KF buffers layer fa-
cilitate the charges collections by reducing the Schotley
resistance and recombination’s centers. The little increasment
of the file factor can be explain by interface lattices reduction
but also adherence improvement. Barman and al. [3] study
using PbS as buffer layer with CIGS band gap of 1.3 ev allow
them to obtain 24.22% as efficiency.

3.2. Effect of Buffer Layers in Quantum
Efficiency of CIGS Solar Cells

The quantum efficiencies graphs in wave length depend-
ance show that 90% of photons are absorbed in the range of
310 to 1100 nm. Despite this big efficiency, we note a low

FF (%) n (%) Buffer layer thickness (nm)
78.91 21.89

79.74 24.64 100

80.10 24.80 100

decrease belong 800 nm. This one show that Cu,0O or KF
presence improve the efficiency of absorption of the cell
between 800 to 1100 nm.
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Figure 4. Quantum efficiency of CIGS solar cell without and with
Cu,0 or KF buffer layers in wave length dependence.

3.3. Effect of Functional Temperature in Electrical Parameters with Cu,O as Buffer Layer
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Figure 5. Effect of functional solar cell temperature in the solar cell efficiency in a and file factor in b of CIGS thin film solar cell with Cu,O as
buffer layer between Mo and CIGS absorber buffer layer.

By varying the functional solar cell temperature between ment of temperature provocate the cell dilatation. This dila-
278.16 to 345 K, we note that the efficiency decreases at 25.99% tation provocate increasement of recombination centers and
to 22%. We note the same behavior for the file factor at 80.89% the cell degradation.
to 77%. This can be explained by the fact that the increase-
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Figure 6. Effect of functional solar cell temperature in open-circuit voltage in a and short-circuit current density in b with Cu,O as buffer
layer.

By varying the functional solar cell temperature between bocage caused by cell dilatation. The increasement of
278,16 to 345K, we note that the open-circuit voltage de-  short-circuit current density can be explain by diffusion
creases at 0.84 to 0.75V. The short-circuit current density ~ phenomenon caused by thermic agitation caused by temper-
increase at 37.966 mA/cm2 to 37.980 mA/cm2. The de-  ature increasement.
creasement of open-circuit can be explain by the charges

3.4. Functional Temperature of Solar Cells Effect in Electricals Parameters
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Figure 7. Effect of functional solar cell temperature in the solar cell efficiency in a and file factor in b of CIGS thin film solar cell with KF as
buffer layer between Mo and CIGS absorber buffer layer.

By varying the functional solar cell temperature between increasement of temperature provocate the cell dilatation.
278.16 to 345 K, we note that the efficiency decreases at 26.20% This dilatation provocate increasement of recombination
to 22.10%. We note the same behavior for the file factor at  centers and the cell degradation.

81.25% to 77.50%. This can be explained by the fact that the
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Figure 8. Effect of functional solar cell temperature in open-circuit voltage in a and short-circuit current density in b with KF as buffer layer.

By varying the functional solar cell temperature between between CIGS and Molybdenum have an positive effect in
278,16 to 345K, we note that the open-circuit voltage de-  CIGS thin films solar cell performance. It allows to improve
creases at 0.84 to 0.75V. The short-circuit current density  the efficiency between 21,89% to 24.64% for Cu,O and 24.80%
increase at 38.004 mA/cm2 to 38.014 mA/cm2. The de-  for KF. We note the same behavior for file factor. It passes at
creasement of open-circuit can be explain by the charges  78.91% to 79.74 and 80.10% respectively for Cu,O and KF.
bocage caused by cell dilatation. The increasement of  The functional temperature variation allows to obtain a record
short-circuit current density can be explain by diffusion  efficiency of 26.20% for CIGS solar cell with KF and 25.99%
phenomenon caused by thermic agitation caused by temper-  for CIGS solar cell with Cu,0.
ature increasement.

Abbreviations

4. Conclusion
KF Potassium Fluoride

We can return that the use of Cu,O or KF as buffers layers
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Cu,0 Oxyde of Cuivre

CIGS Cuivre Indium Gallium di-Seleleniure
SLG Soda Lime Glass

SCAPS_1D Solar Cell Capacitance Simulator
PbS Sulfide of Plomb

Zn0 Zinc Oxide

AZO Oxide of Zinc and Aluminum
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