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The aim of our work was to innovatively design and simulate an InxGa1−xN-based thin-film solar cell
which is considered as a promising candidate for high performance solar cells. By inserting SnS, CdS and
TCO layers, different cell parameters, such as the efficiency η, the fill factor FF, the current density Jsc,
the open circuit voltage Voc and the current–voltage (J–V ) characteristics, of four configurations,
specifically, InxGa1−xN/SnS/ZnO, InxGa1−xN/CdS/ZnO, InxGa1−xN/In0.5Ga0.5N/ZnO and InxGa
1−xN/SnS/TCO, were investigated. The influence of an SnS, In0.5Ga0.5N and CdS buffer layer on the
InxGa1−xN/SnS/ZnO structure and the effect of a TCO layer on the electrical characteristics of the
structure were also investigated. It was revealed that the current density increases with the increase in
the indium content, however, as the concentration attains a value of 80%, Jcc approximately becomes
constant. The no-load voltage Voc was observed to decrease as a function of the indium content (from 50
to 80%), however, it slightly increased for In0.9Ga0.1N and for the binary compound InN. The computed
results indicated that the effect of doping concentration and thickness of each layer on the electrical
parameters of the InxGa1−xN alloys may result in enhancing the performance of solar cells.
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1. Introduction

Recent studies have shown that semiconductors
based on group-III nitrides have significant po-
tential in the photovoltaic applications [1–5] and,
among these, the InxGa1−xN alloy is a promis-
ing candidate for thin-film solar cells. This al-
loy exhibits potential photovoltaic properties, such
as tolerance to radiation, high mobility, lifetimes
of charge carriers as well as thermal and lattice
matching. Furthermore, the InxGa1−xN material
has an attractive tuneable bandgap (offering a very
unique opportunity for designing) that varies from
0.7 to 3.42 eV and a high optical absorption co-
efficient (allowing for a thinner layer of material)
over 105 cm−1, indicating a better absorption of
the solar spectrum [6]. Additionally, the layer of
InGaN can be deposited by employing various tech-
niques [7], such as metal organic chemical vapour
deposition (MOCVD) [8], metal organic vapour
phase epitaxy (MOVPE) and molecular beam epi-
taxy (MBE). These techniques make it possible to
grow InxGa1−xN at a lower temperature (≈ 550◦C)
with a high growth rate (≈ 1.0 Å/s) [4, 7].

Several studies have been conducted over the last
few years on semiconductors based on group-III ni-
trides. By selecting a proper bandgap, the conver-
sion efficiency of more than 50% can be obtained
from an InGaN multijunction solar cell [9, 10]. Mul-
tijunction solar cells have several constraints, for in-
stance, lattice mismatch between layers, controlling
dislocations, thickness of layers with graded compo-
sition as well as residual strain effects, etc. [11–14].
Zhang [15] and Mesrane [16] designed and simulated
an In0.65Ga0.35N and In0.622Ga0.378N-based single
junction and an In0.622Ga0.378N p–n-based single
junction solar cell. They computed the photo-
voltaic parameters of the cell structure for the opti-
mum performance. The computed efficiency was 20
to 24.2%. Shen and his group [17] obtained a similar
kind of a solar cell of In0.65Ga0.35N with a slightly
higher efficiency of 24.95% by using the density of
states (DOS) model. This model provides more in-
formation about the recombination/generation in
semiconductors than the lifetime model by neglect-
ing the effect of defects. The conversion efficiency
of an InGaN-based solar cell calculated by Bouzid
and Ben Machiche [18], for an indium fraction
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(x = 0.53), has reached 24.88%. It was then fur-
ther improved [19] and an efficiency of 25.16% was
attained. Akter [6] reported a 25.02% conversion
efficiency from an InGaN single junction solar cell
with a 1.34 eV bandgap. Benmoussa reported a 23%
efficiency from an In0.52Ga0.48N single junction so-
lar cell with a total thickness of 830 nm [14].

A multi-layered thin-film solar cell is a second
generation solar cell [20, 21] and a preliminary anal-
ysis of the parameters impeding the efficiency of
the InxGa1−xN-based photovoltaic device demon-
strated the chief novelty of this scientific discovery.
Therefore, the aim of this work is to simulate the
maximum conversion efficiency of an InxGa1−xN-
based thin-film solar cell structure with the best
junction configurations and parameters. The effects
of the doping concentration and thickness of each
layer on the electrical parameters, such as the short
circuit current density Jsc, the open circuit volt-
age Voc, the fill factor FF and the conversion effi-
ciency η, have been investigated and reported here.

2. Description of simulation parameters

In this study, a thin-film solar cell structure based
on InxGa1−xN has been modelled and simulated
to study its physical and electrical parameters by
SCAPS software. Solar Cell Capacitance Simula-
tor (SCAPS) is a software used to simulate one-
dimensional solar cells developed by the Depart-
ment of Electronic and Computer Systems (ELIS),
University of Gent in Belgium. Several researchers
have contributed to the development of this soft-
ware. This package is available free of charge to the
photovoltaic (PV) research community (institutes
and research establishments) [22–24].

2.1. Simulation parameters

The parameters of an InxGa1−xN-based solar cell
are defined from the following equations [16, 25–27]:

• Gap energy [eV]:
Eg (eV ) = xEg (InN)

+ (1− x)Eg (GaN)− 1.43x(1− x). (1)
The band gap value is 0.7 eV for InN and 3.42 eV
for GaN at room temperature.

• Dielectric permittivity [eV]:
ε = xε (InN) + (1− x)ε(GaN), (2)

where the dielectric permittivity has the value of
15 eV for InN and 9 eV for GaN.

• Electronic affinity [eV]:
χ = xχ (InN) + (1− x)χ(GaN), (3)

where the electronic affinity values of InN and GaN
are 5.6 eV and 4.1 eV, respectively.

• Density of states in the conduction band [cm−3]:

Nc = 2.50945× 1019
(
me

m0

)3/2 (
T

300

)3/2

, (4)

• Density of states in the valence band [cm−3]:

Nv = 2.50945× 1019
(
mt

m0

)3/2 (
T

300

)3/2

, (5)

• Effective electron mass me:
me = 0.2− 0.13x, (6)

• Effective hole mass mh:
mh = 2.08− 0.67x. (7)

2.2. Structure of studied solar cell

The structure of InxGa1−xN has been studied
by varying the value of x in the interval (0.5–1).
Figure 1 shows a diagram of the InxGa1−xN-based
solar cell. The solar cell is composed of three dif-
ferent layers: ZnO or IWO or CdO (antireflective),
CdS or SnS (buffers) and the InxGa1−xN monolayer
(absorber).

The values used for the calculation for the ab-
sorber, buffer (CdS, SnS) and the TCO layers are
given in Table I.

3. Results and discussion

Figure 2 presents the current–voltage characteris-
tics of InxGa1−xN/SnS/ZnO solar cells under light
exposure. It has been observed that the value of
Jsc increases and the value of Voc decreases with the
increase in indium concentration. However, as the
content of indium approaches 80%, the Jsc values
are reduced significantly and the Voc value slightly
improves. This is in good agreement with the pre-
vious studies [28]. For the indium content from 50
to 70%, the current density Jsc was observed to in-
crease as a function of the indium content. When
the content is between 70 and 80%, an abrupt drop
in Jsc has been observed. When the indium con-
tent exceeds 80%, the current Jsc remains constant
and the open circuit voltage decreases almost lin-
early as a function of the indium content from 50
to 70%. However, above 70%, an approximately
constant value of Voc has been observed.

Fig. 1. Schematic of an InxGa1−xN-based solar
cell.
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TABLE IParameters of CdS, SnS and TCOs used in the simulation.

Parameters CdS SnS ZnO IWO CdO
gap energy [eV] 2.45 1.25 3.4 3.7 2.2
density of states, CB Nc [cm−3] 1.5× 1018 2× 1018 4× 1018 2.2× 1018 2.2× 1018

density of states, VB Nv [cm−3] 1.8× 1019 1.5× 1019 9× 1018 1.8× 1019 1.8× 1019

electronic affinity [eV] 50 100 100 30 146
dielectric permittivity 20 25 25 6 29.5

Fig. 2. Influence of the concentration x on curve
J–V of InxGa1−xN/SnS/ZnO structure.

Fig. 3. Influence of the concentration x on curve
J–V of InxGa1−xN/CdS/ZnO structure.

The InxGa1−xN/CdS/ZnO solar cells are illumi-
nated and the current–voltage characteristics are
calculated (Fig. 3). It has been observed that —
with the enhancement of the indium content — the
value of Jsc increases, while the value of Voc de-
creases. For 80% of the indium content, however,
the value of Jsc has been observed to decrease signif-
icantly. The current density Jsc has been observed
to increase for the indium content from 50 to 70%
and above 80%, Jsc has been almost constant.

In Figure 4, we show the current–voltage charac-
teristics of the InxGa1−xN/In0.5Ga0.5N/ZnO solar
cells exposed to light. It is evident that the value

Fig. 4. Influence of the concentration x on curve
J–V of InxGa1−xN/In0.5Ga0.5N /ZnO structure.

of Jsc increases and the value of Voc decreases with
the improvement of the composition, however, for
a 100% indium content, Jsc and Voc exhibit min-
imum values. The open circuit voltage decreases
almost linearly with the increase in the indium con-
tent. For 50 to 90% of the indium content, the
short-circuit current density increases but it de-
creases as the indium content approaches 90%.

Figure 5 represents the variation in the efficiency
η as a function of the indium concentration. It has
been observed that, from 10% to 50% of the in-
dium concentration, the efficiency η increases al-
most linearly with the increase in the indium con-
tent. The efficiency η decreases with the increase
in the indium content from 50% to 80%. The ma-
terial quality is reduced when x exceeds 50% which
leads directly to a higher loss of the photogener-
ated charge carriers. Above the 80% concentration
of indium, the efficiency value remains almost con-
stant. Our results are in agreement with those al-
ready published [29, 30].

By changing the TCO by IWO or CdO with the
buffer layer SnS, the best yields have been achieved
as a function of the indium content. The J–V
curves under illumination obtained for differ-
ent concentrations of the InxGa1−xN/SnS/IWO
and InxGa1−xN/SnS/CdO structures are shown
in Fig. 6.

In both cases, the short-circuit current Jcc in-
creases with increasing the indium content, how-
ever, as the concentration attains the 80% value,
Jcc approximately becomes constant. For the
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Fig. 5. The efficiency η as a function of concentra-
tion of an InxGa1−xN-based structure.

Fig. 6. The J–V curves of the
InxGa1−xN/SnS/IWO and InxGa1−xN/SnS/CdO
solar cells.

no-load voltage Voc, for the indium content from
50 to 80%, the voltage is observed to decrease as
a function of the indium content, however, it in-
creases slightly for In0.9Ga0.1N and for the binary
compound InN.

The output parameters of the deduced cells are
summarized in Table II. By enhancing the indium
content in the absorbent layer and by changing
the TCO, we have observed that: (i) regardless of
the indium content, the no-load voltage and form
factor values are almost equal for the two struc-
tures; (ii) there is a certain decrease in the current
density Jcc for the InxGa1−xN/SnS/CdO structure

TABLE II

Output parameters of InxGa1−xN/SnS/CdO and
InxGa1−xN/SnS/IWO.

InxGa1−xN/
SnS/CdO

InxGa1−xN/
SnS/IWO

FF [%] η [%] FF [%] η [%]
In0.5Ga0.5N 86.34 20.23 86.38 22.13
In0.6Ga0.4N 82.57 16.86 82.61 18.11
In0.7Ga0.3N 72.40 12.45 72.13 13.19
In0.8Ga0.2N 73.01 5.36 73.10 5.69
In0.9Ga0.1N 75.045 5.87 75.08 6.23
InN 77.71 6.25 77.75 6.63

as compared to the second structure; (iii) the con-
version efficiency of the InxGa1−xN/SnS/IWO cells
is higher than that of the InxGa1−xN/SnS/CdO
cells, with a difference between 0.33 and 1.9.

4. Conclusion

Solar cells based on InxGa1−xN with several af-
fordable innovative structures have been simulated
using the SCAPS package. The effect of variation in
the indium content on the electrical characteristics
of the cell, such as the open circuit voltage Voc, the
short circuit current density Jsc, the form factor FF
and the conversion efficiency η, have been investi-
gated. The influence of the SnS, CdS, In0.5Ga0.5N
buffer layer on the InxGa1−xN/SnS/ZnO structure
and the effect of the TCO layer on the electri-
cal characteristics of the structure are also mea-
sured. It is observed that the short circuit current
Jcc increases with the increase in the indium con-
tent, however, as the concentration attains the 80%
value, Jcc approximately becomes constant. For the
no-load voltage Voc and for the indium content from
50 to 80%, the voltage is observed to decrease as
a function of the indium content, however, it slightly
increases for In0.9Ga0.1N and the binary compound
InN. The effects of doping concentration and thick-
ness of each layer on the electrical parameters of
the InxGa1−xN alloys indicate that these alloys are
promising candidates for thin-film solar cells.
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