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The effect of the buffer layer in two different solar cell configurations such as ZnO/CdS/CIGS and
Zn0O/SnS/CIGS on the current density (J-V), generated power (P-V'), and efficiency of the solar cells has been
studied. Solar cell with SnS as buffer layer shows better performance and therefore the effect of the ambient
temperature on the characteristics of this solar cell has been studied. Additionally, the effect of series and shunt
resistance has been studied. The current density, generated power, and the efficiency of the solar cell increase when
the buffer layer SnS is used. The thickness of the absorbent layer is also found to affect the efficiency of the solar cell
significantly and optimal thickness is found to be 18 pym. We found substantial improvement in power conversion
efficiency from 12.5% to 22.5% due to a decrease in series resistance. The increase in the ambient temperature

decreases the current density of the solar cells significantly.
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1. Introduction

With the increased demand for the electric power from
solar photovoltaic modules at lower costs, there is a need
for novel light absorbing materials that can promise
comparable conversion efficiencies at lower manufactur-
ing costs than the incumbent crystalline silicon [1-3]
or thin films (CdTe or CIGS) [4-6] based technologies.
The CIGS based solar cell technology complies with
the best performance of thin-film photovoltaic panel tech-
nologies. In recent decades, the performance of these cells
has been significantly improved. This research evaluates
the effect of tin-suite of absorber materials based on tin
monosulfide, SnS and cooper zinc tin sulphide (CZTS)
as the next generation of photovoltaic cells that can have
the desired performance in the long run. Numerical
models have been developed using analysis of micro-
electronic and photonic structures simulator structures
(SCAPS) software program. This study was undertaken
by means of solar cell capacitance simulator structures
(SCAPS-1D) software [7-9] to analyse the CIGS solar
cells. This simulation program was developed by de-
partment of electronics and information system (ELIS),
at University of Gent, Belgium. It has been extensively
tested in solar cells by Burgelman et al. [10, 11].

2. Material parameters

Figure 1 shows a schematic representation of CIGS
based cell. The illuminated n region (emitter) is on
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the left and the p region, thicker (collector) is on the right
side in Fig. 1. The solar cell structure consists of three
different layers: (1) ZnO, (2) CdS or SnS, (3) CIGS.
The two individual configuration can be represented as
(i) ZnO/SnS/CIGS, (ii) ZnO/CdS/CIGS. The effect of
middle layer, also known as the buffer layer, has been
presented in this study.

The structure present in Fig. 1 has been studied un-
der the following parameters: solar spectrum AM1.5,
P =100 mW /cm?, and T = 300 K. The measurements
of the photovoltaic parameters were made in the case of
a zero series resistance and an infinitely large shunt resis-
tance. The details of parameters used in the simulation
is given in Table I.
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Fig. 1. Schematic diagram of the solar cell studied.
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TABLE I

The parameters of the material used for the simulation
of a CIGS based solar cell.

Parameters n-ZnO | n-SnS | n-CdS | p-CIGS
thickness [pm] 0.080 | 0.100 | 0.100 | 0.25-18
E, [eV] 34 | 1.25 | 245 1.2
electron affinity [eV] | 4 .55 | 4.20 | 4.40 4.5
pn [em?/(V s)] 100 100 100 100
pp [em?/(V s)] 25 25 25 25
N, [em™3] 10t | 10" | 10" | 10™
Ny [em™3] 10%° | 10*° | 10%° 10°

3. Result and discussion

The effect of the thickness of the absorbent layer CIGS
on the efficiency is presented in Fig. 2. This figure shows
an increase in efficiency with the increase in the thick-
ness of the CIGS layer. A maximum efficiency of 22.49%
is achieved with a thickness of 18 pm for SnS layer.
The efficiency decreases significantly when the thickness
of the CIGS is reduced below 4 pm. This shows that
the probability of the recombination of the generated con-
veyors is greater in the vicinity of the rear contact. When
the carriers reach the absorber layer CIGS (the junction
p—n), they will recombine in the SnS buffer layer, or they
will flow in the absorber layer CIGS, which decreases
the density of the photogenerated current which implies
the decrease of the conversion efficiency. We conclude
that a threshold thickness should be chosen to obtain the
optimal electrical efficiency. In present study the optimal
thickness was found to be 18 pm.

This study enables to find the optimum thickness
(18 pm) of the absorbent layer CIGS which give the best
efficiency.
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Fig. 2. Influence of the thickness of the absorbent layer

CIGS on the efficiency.
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Fig. 3. Influence of the buffer layer on the curve J-V.

Photovoltaic quantities of the two cells. TABLE II
Solar cell
. ZnO/SnS/CIGS | ZnO/CdS/CIGS
configuration
Voe [V] 0.71 0.67
Jse [mA /em?] 38.82 38.99
FF [%)] 81.49 81.23
n [%] 22.49 21.34
Vaep [V] 0.61 0.57
Juvpp [mA/cm? 37.1 37.19

The characteristic variation of current density with
voltage (J—V) for these two cells is presented in Fig. 3.
From this figure it can be noted that the current den-
sity generated by ZnO/SnS/CIGS solar cell is signifi-
cantly better than those generated by ZnO/CdS/CIGS
solar cell. The improvement is recorded mostly in open
circuit voltage, form factor, and conversion efficiency.

The output parameters of the solar cells deduced from
the characteristic (J—V') plot are summarized in the com-
parative Table II.

The variation of the power generated as a function
of voltage for the two solar cell configurations is shown
in Fig. 4. One can see there the effect of the buffer layer
on the characteristic (P-V) of the solar cell based on
a CIGS material with 18 pm thickness. It can be ob-
served that there is increased efficiency of the solar cell
when SnS is used as the buffer layer, increasing the out-
put power. During the calculation, the same thicknesses
of each layer of the cell have been used. This increase can
be attributed to the difference between band gap energies
of the two semiconductors leading to efficient conversion
of solar energy.

Figure 5 shows the variation of the current density
with the voltage (J-V) for the solar cell configuration
ZnO/SnS/CIGS with the increase in the ambient tem-
perature from 0 to 60°C. It can be seen that the increase
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Fig. 4. Influence of the buffer layer on the curve P-V.
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Fig. 5. Influence of the temperature on the curve J-V

of ZnO/SnS/CIGS.

in temperature leads to a decrease in V., under con-
stant illumination. Under an irradiance of 1000 W /cm?
the open circuit voltage, V,,, decreases with increasing
temperature. There is a decrease in the maximum power
output 7 with increasing temperature.

The effect of shunt resistance variation on efficiency is
shown in Fig. 6. It is found that the increase in shunt
resistance leads to increase in efficiency. The efficiency
undergoes an increase of 15.4% to 21.27% as the value
of the shunt resistance is increased from 50 to 300 €.
Similar results have been reported in the literature by
several authors [12, 13].

The effect of the series resistance on the efficiency of
the solar cell configuration ZnO/SnS/CIGS is presented
in Fig. 7. The increase in the value of the series resis-
tance has been found to cause decrease in the efficiency.
Results have been shown in scientific literature [12-14].
The efficiency drops significantly from 22.5% to 12.5%.
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Fig. 6. Influence of shunt resistors on ZnO/SnS/CIGS
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Zn0O/SnS/CIGS solar cell efficiency.

4. Conclusions

The effect of the buffer layer, the temperature, and
absorbing layer thickness on the (J-V') characteristics
has been studied. Additionally, the effect of series and
shunt resistance on the efficiency has also been stud-
ied. It was observed that the temperature and thick-
ness have a very significant impact on the improvement
of the efficiency of the solar cell. Indeed, the variation
of absorbing layer thickness can affect the collection of
photogenerated charge carriers significantly. Taking into
consideration these effects on the efficiency of the solar
cells, the thickness of the absorbent layer has been opti-
mized to be 18 um. The thickness of the absorbent layer
allows the better carrier absorption of short-wavelength
photons and a considerable reduction in electrical losses
associated with the recombination of the charge carriers
at the interface.
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