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Abstract — In the photovoltaic industry, perovskites that detailed balanced limit [3]. The maximum theoretical
belong to the third generation are one of the most popular efficiency for the tandem device is 47% under the
materials which give more promising results. The CH:NH3PbI3 unconcentrated AM1.5G spectrum [4, 5].

(Methylammonium Lead Iodide) also known as MAPI is one of

the famous material which gives higher performances. The T_his re.search yvork is abOUt COmPUtational mode.lil.lg ofa
research work was focused on modeling a multi-junction device ml}ltljunctlon deviceand a ‘51mulat10n stgdy by combining t‘he
with a perovskite top cell and second generation bottom cell.  third and second-generation PV devices. Here the third

These two cells were modeled and simulated under AM1.5G  generation PV device was used as the top cell to harvest high-
illumination and the final model of the tandem cell was energy photons from the spectrum. This cell is supposed to
optimized by considering the thicknesses of the absorber layers absorb the energies under the wavelength of 300-800 nm.
which is key to the performance. A surface defect layer (SDL) Especially the perovskite materials are also capable of
which previously proved buried homojunction was created at  absorbing high energies within the UV range. In the bottom
the CdS/CIGS interface. The existence of this layer increases the cell Conﬁguratlon’ a previously modeled thin-film structure
recombination at the homojunction. Therefore altering the was used to harvest low energies. The major goal of this
properties of this layer was supposed to reduce the  yoqeqrch study is to optimize the multijunctional device to
recombinations at the interfz}ce. The defect densities of the obtain the best efficient model. Therefore two areas were
CdS/SDL  and SDL/CIGS interfaces were analyzed and focused on optimizing which were thickness optimization of

iﬁ::?;:::i f,‘,’ﬂ,ﬁg tslllleo 5 Zflsg:)l(;g:,zc;x; ‘35;3:;1;::)%1 t:ﬂl.;sis:;tcsy’ the top cell absorber and defect density alteration at the buried
: homojunction at the CdS/CIGS interface.

(PCE) with 1.82 V open-circuit voltage and 20.86 mA/cm? short

circuit current at the 0.19-0.20 pm thickness of perovskite In order to find the photocurrent, the absorption
absorber. All the modelings and simulations were done by using coefficient of the materials which is an optical parameter
the SCAPS-1D software. should be estimated by using the following equation,
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I.  INTRODUCTION he ( 7 Eo ) 77 B
In the present day, multi-billion-dollar projects are where, a. is absorption coefficients with respect to each

running in the photovoltaic industry to overcome the existing  material, h is Planck's constant, c is the speed of light, A is the

non-renewable energy productions. But when consideringthe  \ayelength, B is a constant which depends on the effective
global energy demand, the contribution of solar cells is still  1a55es and E, is the bandgap of each material.

negligible. Therefore, researchers are working on finding

new solutions to enhance the performances of these The photocurrent of each cell can be estimated by solving
Photovoltaic (PV) devices. When considering the three the Poisson, continuity and the photocurrent at the neutral
generations of solar cells [1, 2], the c-Si which belongs to the =~ zone can be estimated with carrier transport equations.
first generation is still dominating the PV industry. The =~ Meanwhile, the photocurrent at the space charge region
second-generation a-Si, CdTe, and CIGS devices are  (SCR) can be estimated by using the following expression,

producing cost-efficient products and it is still in second Amax

place. But due to the high trend and more promising results lon = fgmin Ia() +1,(A) + 1(2) )
the third generation is becoming a more popular topic. With ) )

the approach of the multi junctional PV devices, researchers where, Iph is the generated photocurrent, Amin is the lower

identified a clear path to reach Shockley & Queisser’s ~ bound of the wavelength, Ama is the upper bound of the
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wavelength and I4(A), Iv(A), I.(A) are the photocurrents
generated at the depletion, base, and emitter regions as a
function of wavelength.

Here the I4(A), Ib(X), and I.(X) are dependent on the quasi-
neutral region lengths and the depletion widths extended to
the emitter and absorber materials. Therefore the thickness of
the emitter and the absorber materials are directly responsible
for device efficiency [6].

Also, the minority carrier lifetime is related to the
recombination times which has the following relation [7].

1_1,1,1 G)

Tp Ts

Tn

Where the 1., T, Ts, Tau are respective to total
recombination time bulk recombination time, surface
recombination time, and the augur recombination time.

The 7, has a relation with absorber material [7],

1 28
wT @ @
S = Vo D; %)

Where the d,, Vin, 0, D; are respective to the thickness of
the absorber, carrier thermal velocity, capture coefficient, and
the interface defect density.

II.

In this research study SCAPS-1D (one-dimensional solar
cell capacitance simulator) software was used for all the
simulations and modeling [8]. All the material data (electrical
parameters) were extracted from previous research works [9-
15]. In the simulation, the modeled device was tested under
the AM1.5G spectrum [16]. Here the AM1.5G spectrum
represents the direct and diffusion radiation of one-sun
illumination. Here no concentration technique or filtering was
used for the spectrum.

Here top cell of the tandem device is modeled with a
perovskite material called 3D-MAPI (Three-dimensional
Methylammonium Lead Iodide) [17], PEDOT:PSS
(poly(3,4-ethylenedioxythiophene) polystyrene sulfonate),
and PCBM ([6,6]-Phenyl-C61-butyric acid methyl ester)
materials. The SnO, was used to create a Transparent
Conducting Oxide (TCO) layer. The PCBM and PEDOT:PSS
are acting as electron and hole transferring materials [18, 19].
In the perovskite material, shallow and amphoteric defects
were created for SRH recombinations.

METHODOLOGY

The bottom cell was modeled with second-generation
materials such as CIGS, CdS, and ZnO materials.
Additionally, an SDL was created at the CdS/CIGS interface
[20]. The purpose of using the SDL layer is to study the
properties of the homojunction at the surface of the bottom
cell absorber.

It was previously shown that a homojunction exists at the
surface of the bulk absorber [21-24]. The existence of the
homojunction at the interface reduced the width of the SCR
and this is causing higher recombinations at the junction.
Therefore studying the properties of this homojunction is
important. Here two interfaces; CdS/SDL and SDL/CIGS
were analyzed to identify the influence of the interfacial
defect densities. The SRH  (Shockley-Read-Hall)
recombination [25, 26] as known as recombination through
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defects was considered as the main recombination

mechanism.

Front Contact

Sn0,
PCBM

CH3NH;Pbl,

PEDOT:PSS
Zn0
Cds
SDL

CIGS

Fig. 1. The illustration of tandem cell configuration

The PEDOT:PSS/ZnO junction is working as a tunnel
junction in the tandem configuration (Fig. 1). At this junction,
the holes generated at the top cell recombines with the
electrons come from the bottom cell. Mainly the thickness
optimizations were carried out on absorber layers; MAPI and
CIGS until achieving the current matching condition [27]. In
the modeling, these two cells were separately created and
simulated by using a SCAPS script. In this procedure, two
artificial layers were created for each cell to concern partial
absorptions. Fig. 2 represents the illustration of the two
separate simulation models with artificial layers.

The two artificial layers were created according to the top
and bottom cell configurations. The top cell was simulated
with an artificial bottom layer and the bottom cell was
simulated with an artificial top layer. These two artificial
layers have the electrical properties of the top and bottom
cells. This is a unique technique which using in SCAPS-1D
multi-junction simulations.

Here the V.. decreases with increasing perovskite
absorber layer thickness. The voltage drop quite small
compared to the current density variation. The Js and
Efficiency of the top cell increase with the thickness of the
Perovskite layer.

This simulation study was mainly focused on altering the
key parameters, such as electrical properties and the
thicknesses of absorber layers. Here, more importantly, the
thickness variation of the top cell absorber is the key to the
performance of the tandem cell (Fig. 3) and it has a high
influence on bottom cell performance. The increment of the
top cell absorber thickness creates a wider optical path and
this will leads to higher photon absorption in the bulk
material. Due to this phenomenon, the bottom cell absorbs
less amount of photons, and therefore the efficiency of the
bottom cell decreases. Fig. 4 shows the bottom cell
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parameters variation with the thickness of the top cell top and bottom cell shows contradictory Js variation. Due to
absorber. Here the parameters; V., Ji, and Efficiency were the thickening of the Perovskite layer, the Js. of both cells
decreased due to the thickening of the top cell absorber. These were closely coordinated at a certain point.

Front Contact Front Contact

Sn0,
PCBM
Artificial top cell
CH,NH,Pbl,
PEDOT:PSS
Zn0
Cds
SDL
Artificial bottom cell
aGs

Back Contact Back Contact

Fig. 2. Illustration of two simulation models with artificial layers.
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Fig. 3. Device parameter variation of the top cell with the thickness variation of the absorber layer
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This current matching condition can be observed in the
0.19-0.20 pm thickness range. More accurately the optimum
condition can be obtained closer to 0.19 um. In the
simulation, the interval of the thickness variation of the top
cell absorber was considered as 0.01 pm. the data points of
Fig. 5 represent the obtained results and the exact point was
identified by using numerical analysis.
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Fig. 5. Short circuit current density variation with the thickness of the top
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As described in the previous section the thicknesses were
optimized to enhance the performance of the tandem device.
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Fig. 6 represent the JV characteristic curve and EQE curve of
the top, bottom, and tandem devices. Here the top and bottom
cells were optimized until obtaining the current matching
condition. At the current matching condition, the optimum
efficiency was observed

According to the EQE curves, the top cell showed the
peak performance between the wavelength range of 300-800
nm as expected and the bottom cell showed between 600-
1200 nm. Here 300-500 nm range is completely absorbed by
the top cell.

The tandem structure was simulated under the AM1.5G
spectrum and in the wavelength range of 300—1300 nm.
According to the EQE curve the top cell performed under the
wavelength range of 300-800 nm and the bottom cell
performed under the wavelength range of 700-1200 nm.
According to the results, the tandem cell showed an
efficiency of 30.94% with 1.81 V open-circuit voltage and
20.86 mA/cm? short circuit current.

Fig. 8 shows the observed result of the defect density
analysis of CdS/SDL and SDL/CIGS interfaces and here
point defects were added to the CdS, SDL, and CIGS bulk
materials.

Applying the SDL layer to the CdS/CIGS interface
creates heterojunction with the CdS layer and homojunction
with the CIGS absorber. Therefore, it creates a valance band
offset at the edge of the absorber as shown in Fig. 7 (b). When
altering the defects at the junction, SDL/CIGS interface show
a higher influence of recombination compared to the
CdS/SDL interface (Fig. 8).
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An independent simulation of the bottom cell showed
20.38% efficiency with 0.63 V open-circuit voltage and 38.91
mA/cm? short circuit current density without the SDL. The
bottom cell with SDL showed 20.32% efficiency with 0.63 V
open-circuit voltage and 38.94 mA/cm? short circuit current
density. Here introducing SDL increases the efficiency of the
bottom cell by 0.06 %. But in the tandem operation, this
efficiency increment was reduced to 0.03%. In this
simulation, the interface defect density of both CdS/SDL and
SDL/CIGS was selected as 1x10' em?.

III. CONCLUSIONS

This research work was conducted to model a tandem
configuration by using perovskite and CIGS materials. The
thickness optimization of the absorber layers was completed
and the current matching condition was also obtained.
Therefore this confirmed that the maximum efficiency can be
obtained at the current matching condition of the tandem
device which can be observed at the thickness range of 0.19—
0.20 pm of perovskite absorber
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According to the results of the defect density analysis, it
can be concluded that the performance of the tandem device
can be easily changed by altering the thickness of the top cell
absorber and the defect density of the bottom cell SDL/CIGS
interface. The defect concentration of the CdS/SDL interface
can be varied on a large scale. But more importantly, the
defect concentration of the SDL/CIGS interface should not
exceed 1x10' cm, The existence of the homojunction at the
surface of the bottom cell absorber decreases the
performance, but altering the defect densities at the interfaces
slightly increases the device performance. In the modeling,
many assumptions were used, and fabricating the model is
recommended to observe the real situation device
configuration.
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