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This paper is based on the modelling of absorption model for PbS colloidal quantum dot solar cell using
SCAPS. The main objective is to predict the best absorption coefficient (cm™) for the PbS colloidal
quantum dot (CQD) at which the solar cell performance can be improved. In the present work, the
modelling and simulation have been performed for the five different absorption model included in CQD
layer and obtained different performance parameter such as open-circuit voltage (V_), short-circuit
current (J ), fill factor (FF), quantum efficiency (QE) and power conversion efficiency (PCE). The best
absorption coefficient (cm™) is 10° having V_, J , FF, QE and PCE (quantum efficiency) values are
1.64V, 7.6 mA/cm?, 0.91%, 47.2% and 0.62%respectively. The quantum efficiency significantly changes
with the absorption coefficient (cm™) for the 250nm to 1050nm wavelength range.

Power conversion efficiency (PCE).

©20191ISEES, All rights reserved

1. Introduction

The incredible supply of solar energy is received by earth through the
sun (Askari Mohammad Bagher, 2016). Solar power is a renewable
resource that is freely available. A solar cell is a type of electrical device
that uses the sun energy i.e. light and converts directly into the electricity.
The conversion of sun energy (light) into electricity is caused by the
phenomenon of photovoltaic effect, which is a chemical and physical
phenomenon (Shruti Sharma et al., 2015). The solar cell material have
some property in order to absorb sunlight. There are basically two
configuration of solar cell. The conventional solar cells can use light
absorbing material as one single layer or can use multiple physical
configuration for various charge separation and absorption mechanism
(Askari Mohammad Bagher et al., 2015). The solar can be categorized
into first, second and third generation solar cells (Manjot Kaur and Harjit
Singh, 2016). Polysilicon and monocrystal line silicon materials are
included in the first generation solar cell. First generation solar cell are
also known as traditional, conventional or wafer based solar cells (Kiran
Ranabhat et al., 2016, Kiran Ranabhat et al., 2013). Second generation
cells are thin film solar cell, that includes CdTe, CIGS and amorphous
silicon. It avoid the use of silicon wafer and have lower consumption of
material (Yongye Liang et al., 2010, Rasika Ganvir, 2016). Third
generation solar cells made up of organic materials such as polymer or
small molecules. Dye sensitized and perovskite cells are also used in the
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third generation (Nandi Wu et al., 2017, A.B. Djurisic et al., 2017, Di
Zhou et al., 2018).

Quantum dots which is working as the absorbing photovoltaic material
used in quantum dot solar cell (QDSCs) (Lan X et al.,2016). In this
paper, lead chalcogenide (PbS) CQD as the absorbing photovoltaic material
is used (ZhenweiRen et al., 2017). Colloidal quantum dots (CQDs) used
in photovoltaic and optoelectronic devices for wide application such as
solar cells, photo detectors and light emitting diodes due to their low
temperature fabrication, low cost, high stability and their peculiar
photovoltaic and optoelectronic properties (Tianshuo Zhao et al., 2016).
CQDs are also attracted much attention for their solution based processing
which is advantageous for their integration into the variety of the solar
cells (Chuang et al., 2014,Xiaoliang Zhangand Erik M. J. Johansson,
2017).

In this work, the solar cell CQD are constructed with the three different
layer i.e. p-type CQDs as the absorbing layer, MZO (MgZnO) as the
buffer layer and n-type metal oxide layer (such as ZnO). The absorption
coefficient (cm™) is defined in the PbS CQD-TBAI layer and improved
performance of the CQDs solar cell with respect to absorption coefficient
is simulated. To enhance the quantum efficiency through selecting the
best absorption coefficient, there is construction and comparison of different
absorption model for PbS-TBAI CQD layer and calculated the V_, J,
FF, QE and PCE.

oc?
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2. Materials and Methods
2.1 A Single Solar Cell Model

A CQD solar cell device architecture with a buffer layer (BL) of MZO
is shown in Figure 1(Xiaoliang Zhangand Erik M. J. Johansson, 2017, G.
H. Kim et al., 2015, M. Liu et al., 2016). The ZnO layer is firstly
deposited on the surface of a cleaned FTO glass with a thickness of ~40
nm and subsequently there is a deposition of MZO layer with a thickness
of ~20nm. The deposition of CQD is on the surface of MZO layer and
this layer working as a light absorber layer in solar cell device. With the
bilayer of tetrabutyl ammonium iodide (TBAI) and 1,2-ethanedithiol
(EDT) performance of PbS QDs improved and result in higher signal to
noise ratio (SNR), broader linear dynamic range (LDR), several times
faster light response and many times higher detectivity (Zhenwei Ren et
al., 2017). Finally, the device designing completed with the thermally
deposition of an electrode that is Au on the top of the surface of the
CQD-EDT layer as shown in figure 1 (Xiaoliang Zhangand Erik M. J.
Johansson, 2017). The device become different and more efficient by the
adding the absorption model in the PbS-TBAI material.

Au !E- ack Contact)
CQDs-EDT (Absorber Layer-50nm)

CQDs-TBAI (Absorber Layer-230nm)

MzO (Buffer Layer-20nm)
ZnO (Window Layer-40nm)
Glass/ITO (Front Contact)

Figure 1: Architecture of single CQD solar cell device

2.2 Materials Parameter

The materials parameter used for the simulation is tabulated in
following table 1(Xiaoliang Zhangand Erik M. J. Johansson, 2017, G. H.
Kim et al., 2015, M. Liu et al., 2016).

Table 1: Details of Material parameter in SCAPS simulation.
Part of these material parameter are taken from literature
(Xiaoliang Zhang and Erik M. J. Johansson, 2017, G. H. Kim et al.,

2015, M. Liu et al., 2016).

PbS-EDT | PbS-TBAI | ZnO (or MZO)
Thickness (nm) 50 230 60(40+20)
Bandgap edge (eV) 1.2 1.2 3.2(or up shift)
Electron affinity (eV) 3.9 4.15 4.3
Permittivity (er) 20 20 66
CB/VB DOS (cm?) 107 10" 10"
Electron mobility (cm?/Vs)| 2x10+ 2x1072 5x10?
Ndonor (cm?) 10 10" 107
Nacceptor (cm) 10 10 0
Radiative recombination
coefficient (cm?/s) 10
EDT/TBAI defect Total density (integrated over all energies)
(neutral) (cm?): 10'¢
Capture cross section (cm?) | 1.2x10 | 1.2x103
Position below Ec (eV) 0.5 0.5
Density (cm™) 10 10Y7

TBAI-ZnO interface

defects (neutral)

Total density

(integrated over all energies) (cm?):
10
Capture cross section (cm?) | 10
Position above Ev (eV) 0.6

Density (cm™) 10
G. H. Kim et al., 2015, M. Liu et al., 2016).

In these parameter there are two most important parameter which are
added in this work. The first parameter is radiative recombination
coefficient and second parameter is absorption coefficient. The current is
converted from the p-contact hole current to the n-contact electron current
in diode. It shows that somewhere in the diode recombination must take
place. So the recombination should define at least one place (in a layer, at
a contact or at an interface) in the diode.

The absorption coefficient (a) can be set from an experimental data
file or from a model. The absorption coefficient for PbS CQD material is
10° (cm™). The a(A) can be measured using the following equation (Jaymin

Ray et al., 2017);
B
ﬂ(l)Z(A-FE),JhV—Eg (1)

where o, hv and Eg are absorption coefficient (cm™), photon energy
(eV) and energy band gap (eV) respectively. A and B are wavelength
dependent absorption constant.

3. Result and Discussion

In order to improve the system there are different calculation for
different absorption coefficient to explore its performance under various
operative conditions. In this work the model is simulated at five absorption
coefficient (cm™) i.e. at 10%, 104 10° 10° and 107 respectively which is
added in PbS-CQD layer. The calculation is made under dark and light
illumination. In the dark illumination calculation the working point voltage
is zero. In the light illumination the simulation is done at the open circuit
voltage (V). At the five absorption coefficient (cm™) i.e. 10%, 10%, 10°, 10°
and 107 there are different measurement which is tabulated in table 2.

Table 2: Different calculated value (V_, J_, FF and QE)
for the different absorption file.

Absorption | V (V) | J (mA/cm?) | FF |QE (%) | PCE (%)
Coefficient

103 (cm™) 1.89 0.177 0.92 2.78 0.02
10* (cm™) 1.8 1.58 0.92 18.34 0.17
10° (cm™) 1.64 7.6 0.91 47.2 0.62
10° (cm™) 3.53 17.51 0.95 89.39 2.47
107 (cm™) 7.14 25.85 0.97 | 98.98 4.56

The first simulation of the system is with the 10° absorption coefficient
(cm™) in PbS-CQD layer and get the value of V__and J  1.89V and 0.177
mA /cm? respectively. The voltage at which no current Gows through the
external circuit is known as open circuit voltage (V) (Jizhong Yao et al.,
2015). The calculation of FF from V__is done by the following equation
(Nandi Wu et al., 2017):

_voc—In (voc +0.72)
h voc + 1

FF

(2
In which, voc = —VWT
(mkB )

Therefore, from the Eq.(2), the value of FF is 0.9284. The quantum
efficiency graph for 103 absorption coefficient (cm™) is plotted with open
circuit voltage i.e. 1.89V.

The second simulation of the system is with the 10* absorption
coefficient (cm™) in PbS-CQD layer and get the value of V_, J and FF
1.8V, 1.58 mA/cm?and 0.9256 respectively. Again the quantum efficiency
graph for 10* absorption coefficient (cm™) is plotted with the open circuit
voltage of 1.8V (V ).

The third simulation with 10° absorption coefficient (cm™)is consider.
After the simulation, value of V and J_ are 1.64V and 7.6 mA/cm?
respectively are obtained. The quantum efficiency is simulated with open
circuit voltage of 1.64V. The FF at 10° absorption coefficient (cm™) is
0.9198.

Fourth simulation is with 10° absorption coefficient (cm) and again
after simulating, the value of V_and J  are 3.53V and 17.51 mA/cm?
respectively are obtained. The FF at 10° absorption coefficient (cm™) is
0.9569. The quantum efficiency graph for 10* absorption coefficient
(cm™) is plotted with open circuit voltage i.e. 3.53 V.

Fifth simulation is with 107 absorption coefficient (cm™). After
simulating, the value of V  and J_ are 7.14V and 25.85 mA/cm?
respectively are obtained. The FF at 107 absorption coefficient (cm™) is
0.9761. The quantum efficiency graph for 10°absorption coefficient
(cm™) is plotted with open circuit voltage i.e. 7.14 V.
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Figure 2 shows the comparison of different quantum efficiency with [£5.83]
different absorption coefficient (cm™)i.e. 103, 104, 10%, 10°& 107 respectively
with their corresponding Voc. 25

‘When there is no connection of solar cell to the any load then there is
no current flowing and voltage across the solar cell becomes maximum.
This is known as open circuit voltage (V). Changing the absorption
coefficient the V__ are also changed. Figure 3 shows the effect of V__ at
different absorption coefficient, there are five absorption coefficients (cm-
1) taken, which are 103, 104 10°, 10°& 107 respectively.

The changes in J  over different absorption coefficient is summarizing
in figure 4.

The fill factor is a measure of quality of solar cell essentially. The FF
is also defined as the ratio of maximum power from actual solar cell to the
maximum power to the ideal solar cell (A.B. Djurisic et al., 2017). The 5 @
value of FF with different absorption coefficient 103104, 10°, 10°nd (]_]E
107are different which are shown by figure 5.

The absorption of photon is more readily in the material which have
the higher absorption coefficient, therefore electrons are excited into the 1000 10000 100000 1000000 10000000
conduction band. In this work, the power conversion efficiency (PCE)
of the QDSCs is gradually increases from the lower absorption coefficient Absorption coefficient (cm!)
to the higher absorption coefficient and it shown in figure 6.

=

Jsc (mA/cm?)

—
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e
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Figure 4: Measurement of J  with different absorption coefficient.
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Figure 5: Measurement of FF with different absorption coefficient.
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4. Conclusions

In this study, the improved performance parameter of solar cell have
been calculated using the different absorption coefficient. The value of
V,. J.» FF and QE vary with the different absorption model including in
particular material or layer of solar cell. The different absorption model
have been added in quantum dot layer of PbS-TBAI and shows their
corresponding results. The best absorption coefficient (cm™) is 10° having
V,. J. FF and QE (quantum efficiency) values are 1.64 V, 7.6 mA/cm?2,
0.91 and 47.2%, respectively. By introducing the absorption model the
efficiency of solar cell is improved significantly. In this work there are
five absorption model with five absorption coefficient (cm™) i.e. 10% 104,
10°, 10° and 107 and simulating these value at different voltage. The
quantum efficiency for 10* 104, 10°, 10° and 107 are 2.78%, 18.34%,

47.2%, 89.39% and 98.98% respectively.
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