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Abstract:
We used the simulation program Solar Cell
Capacitance Sumilator in 1 Dimension (SCAPS-1D) to study
the influence of temperature on the electrical parameters of a
solar cell based of heterojunction CIGS/CdS/ZnO under
constant illumination (1000W/m²) under the conditions
AM1.5G. The parameters studied are the short circuit current
density(JSC), the open circuit voltage (Voc), the form factor
(FF), the efficiency of the cell (ƞ) and the external quantum
efficiency (QE) in the range of 273K to 333 K. The simulation
shows that the JSC increases while the Voc decreases as a
function of temperature. The increase in Jsc causes significant
external quantum efficiency and the reduction of Voc and the
maximum power affects the FF thus decreasing the efficiency
of the solar cell.

generally exposed to temperatures ranging from 15 ° C (288 K) at
50 ° C (323 K) [4] and can be higher in the space [5].
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Fig.1: Structure of a heterojunction solar cell n-ZnO/n-CdS/pCIGS.

I. I ntro d uct io n
The earth receives every year the equivalent of 10000 times of
the world consumption into energy with solar irradiation. This
resource is thus inexhaustible and when the appeal to the fossil
fuels is questioned, the photovoltaic develops increasingly.
However, his main inconvenience stays its cost high, due to the
fact that the technology of the first generation based on the
silicon requires numerous manufacturing processes and high
temperatures. Some semiconductor materials may be substituted
for silicon, and require only a few microns thickness (against 200
μm approximately for silicon) to absorb all photons of the
incident light. Indeed, solar cells based on Copper Indium
Gallium Diselenide (CIGS) thin film are those that represent the
best technology, with a record performance in laboratory equal to
20.3% [1] and modulus 15% [2]. The best performance is
obtained by depositing the CIGS by three steps coevaporation
[3].
The structure of a solar cell based on CIGS is formed by a stack
of several layers, namely, a metal grid Ni/Al/ Ni, a transparent
conductive oxide (TCO) n-ZnO, a buffer layer n-CdS, an
absorber layer based on Cu (In, Ga) Se2 p-doped, a metal contact
layer of Molybdenum, and finally a substrate (soda lime
polyimide and metal).
The study of the behavior of solar cells with the temperature ( T )
is important, because in the ground applications, they are
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In this study we investigate the performance parameters of a
heterojunction solar cell n-ZnO/n-CdS/p-CIGS, shown in Fig. 1
as a function of the ambient temperature in the range of 273 to
333 K with the software simulation SCAPS of-1D [6,7] under the
illumination of 1000W/m² in AM1.5G conditions. The variations
of the density current-voltage characteristics ( J-V) of the solar
cell, the external quantum efficiency QE (λ), the short circuit
current density ( JSC), the open circuit voltage ( Voc), the form
factor (FF) and the photovoltaic conversion efficiency (η) as a
function of temperature under constant illumination are
determined.
II. Numerical simulation

The comprehension of the mechanisms of functioning of the
photovoltaic devices more particularly those of the thin layers
based CIGS such as the currents of transport ,the electron-hole
generation and
recombination phenomena requires the
construction of the numerical models. The latter make it
possible to elucidate the processes which limit the performances
of the cell and to give an optimal design of the structures at the
base of these devices.

doi : 10.17950/ijset/v5s5/506

Page 247

International Journal of Scientific Engineering and Technology
Volume No.5 Issue No.5, pp: 247-251
Table1: The physical parameters of the different layers used in
the simulation.

Thickness (μm)
band gap (eV)
Dielectric permittivity
Electron affinity (eV)
(cm-3)
(cm-3)
Electron thermal velocity
(cm/s)
Hole thermal velocity
(cm/s)
Electron
mobility
(cm2/Vs)
Hole mobility (cm2/Vs)
ND(cm-3)
NA (cm-3)

ZnO
0,05
3,3
9
4,45
2,2.1018

CdS
0,05
2,4
10
4,2
2,2.1018

CIGS
3
1,2
13,6
4,5
2,2.1018

1,8.1019

1,8.1019

1,8.1019

107

107

107

107

107

107

102

102

102

2,5.101
1018
100

2,5.101
1017
100

2,5.101
10
2.1016

−

)

temperature affect slightly the performances of the solar cell [48].

Fig. 2: equivalent circuit of an ideal solar cell

The SCAPS-1D is a simulation software one-dimensional solar
cells based on CdTe and CIGS developed by Marc Burgelman
et al. [6,7]. It proceeds by solving three fundamental equations
of a semiconductor, the Poisson equation and the continuity
equations.
= − q(p –n +
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(1)
(2)

The characteristic current density - voltage J(V) of a solar cell in
the absence of the resistances series (RS=0) and resistancesparallels (RP = ∞) comes down to the equation of a simple diode
in the following way:
J=

.

−

(4)

Where Jph represents the photogenerated current density, J0 the
current density of saturation of the diode, q the elementary
charge, A the ideality factor of the diode which is equal to 1 in
this document, K is the Boltzmann constant and T the
temperature.
The characteristic J (V) as a function of the temperature (J (V,
T)) allows studying the electronic transport mechanisms.

. = q(R – G) + q
(3)
Where ε is the dielectric constant, φ the electrostatic potential, n
and p the concentration of the free carriers,

and

are the

densities of the ionized acceptors and donors,
and the
current densities of electrons and holes, R the rate of
recombination and G the generation rate of electron-hole.
In this work, we model the effect of the temperature in a
heterojunction solar cell n-ZnO/n-CdS/p-CIGS, the physical
parameters of the different layers used in the simulation are
shown by the Table 1.
III. Results and Discussions
The voltage-current density characteristics J (V) are important
standard methods for electrical characterization in the case of
devices as far as they allow estimating the performances of
devices. Under constant illumination 1000W / m², the source
used in this work to illuminate the cell is the AM1.5G.The
characteristic parameters that are generally used to describe the
performance of a solar cell are the open circuit voltage (VOC),
the short-circuit current density (JSC ) ,the form factor (FF) and
the efficiency (ƞ).
In this work we used the equivalent circuit of a solar cell shown
in Figure 2. The serial resistances RS and shunt RSH are
neglected in this work because their variations with the
IJSET@2016

Fig. 3: the characteristics J (V) for different temperature.
The Fig. 3 shows the characteristics J (V) as a function of the
temperature in the range 273K -373K.It is observed that the
increase in temperature leads to an increase of the current
density of short -Circuit (Jsc) and a decrease of the open circuit
voltage (Voc).
Short-circuit current density (JSC)
The current density of short -Circuit (Jsc) is the current value
when the voltage of cell is zero (V = 0), so according to
Equation (4) it is equal to the current density photogenerated:
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=(5)
The Fig. 4 shows the variation of the short-circuit current density
as a function of temperature. It is observed that the increase in
temperature leads to an increase JSC. This is attributed to
shrinkage of the width of the band gap Eg. Indeed, the energy
band gap semiconductors tend to decrease with increasing
temperature. This behavior is due to inter-atomic spacing which
increases as the amplitude of atomic vibrations increases due to
the increased thermal energy. The variation in the energy gap for
the semiconductor according to the temperature is described
approximately by the Varshni’s relationship [9,10].
−

=

(6)

With Eg(T) is the bandwidth of the semiconductor at a
temperature T, which may be direct or indirect, E g(0)
corresponds the value when T ≈ 0 K and α, β are the constants.
For the CIS Eg(0)=1.04eV , α=1,1.
eV when β=0 [11].
33,95
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Thus the variation of the open circuit voltage as a function of
temperature is given by [12].
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The Fig. 5 illustrates the variation of the open circuit voltage
(Voc) as a function of temperature. We observe a decrease of
Voc when the temperature increases. The linear thermal
behavior of Voc is attributed to a decrease of the width of the
band gap and an increase of the current density of saturation J 0
when the temperature increases. Indeed, the current density of
saturation of the diode J0 is very sensitive and increases
exponentially with the evolution of the temperature in the solar
cell. This sensitivity is strongly related to the minority carriers
generated by thermal agitation in the heterojunction n-ZnO/nCdS/p-CIGS.
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Fig. 4: variation of the short-circuit current density as a function
of temperature
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Fig. 5: the variation of the open circuit voltage (VCO) as a
function of temperature
The open circuit voltage Voc is the maximum voltage measured
when the current density in the borders of cell is zero (J = 0). It
is expressed by:
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Fig. 6: evolution of the voltage and current at the maximum
point as a function of temperature
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The maximum power of illuminated photovoltaic cell is the
essential parameter for evaluating its performance; it is given by
the equation:
(9)
Where
and
are also denoted voltage and maximum
current respectively.
The Fig. 6 shows the evolution of the voltage and current at the
maximum point respectively as a function of temperature. We
observe a reduction of Vm and Im when the temperature
increases, thus causing a decrease of the maximum power Pm
generated by the solar cell.
The Form Factor (FF)
The form factor F is defined as the ratio between the maximum
power and the product of the open circuit voltage and the shortcircuit current density. It represents the ratio between the area of
the rectangle of diagonal (VCO, JCC) and the area of a rectangle
touching the J (V) to the optimum functioning point, its
expression is given by:

FF 
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The Fig. 7 shows the evolution of the form factor (FF) according
to the temperature. We notice that the form factor decreases as
the temperature increases. This decrease is strongly caused by
the reduction of VCO and the maximal power point Pm.
Cell efficiency
The most important parameter of a solar cell is its efficiency ƞ. It
is defined as the ratio of the maximum power (electricity)
produced by the photovoltaic cell on the incident light power
(Pi).
P
V  J sc  FF (13)
  m  oc
Pi

temperature

dVoc dJ sc
d
dFF
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,
and
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dT
dT
dT
dT

19

Pm
(10)
Voc  Jsc

18
17
16

etat (%)

82
81
80
79

FF (%)

Pi

Thus the variation of cell efficiency as a function of the

15
14
13

78

12

77
11
280

76

300

320

340

360

380

Temperature (K)
75

Fig. 7: evolution of the form factor (FF) according to the
temperature

Fig. 8: evolution of the cell efficiency ƞ depending on the
temperature
The Fig. 8 illustrates the evolution of the cell efficiency ƞ
depending on the temperature. We note a decrease of the
efficiency when the temperature increases. The linear thermal
behavior of ƞ is strongly linked to the reduction of the open
circuit voltage and form factor.

Green has given an expression of excellent precision to show the
dependence of FF with the open circuit voltage [13]:

Table 2: The electric parameters of the cell according to the
temperature
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Voc  ln(Voc  0,72 )
(11)
Voc  1

Where Voc 

Voc
is defined for normalized VCO.
Vth

Thus the variation of the form factor as a function of the
temperature was determined using [13] by [12].



( dVoc / dT  Voc / T ) 
dFF
Voc / Vth  0,28
 (12)

 FF 

dT
(Voc  Vth )
V
/
V

0
,
72
 oc th






IJSET@2016

Temperature
(K)

Voc
(Volt)

Jsc
(mA/cm²)

FF
(%)

Ƞ(%)

273

0.66

33.72

81.21

18.22

298

0.61

33.76

79.93

16.63

323

0.56

33.80

78.22

14.98

348

0.51

33.85

76.17

13.31

373

0.46

33.91

73.78

11.64
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External quantum efficiency
The external quantum efficiency noted (QE), represents the ratio
of the number of charges collected on the number of incident
photons as a function of the wavelength. These measurements
are used to characterize the photocurrent of cells and determine
the origin of losses JCC, his expression is given by:
QE (λ) =

(14)

Whit J (λ) the current collected at one hundred wavelength λ, q
the elementary charge, and φ (λ) the photon flux at the chosen
wavelength.
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Fig.9: Variation of the external quantum efficiency at various
temperatures depending on the wavelength
The Fig. 9 shows the variation of the external quantum
efficiency at various temperatures depending on the wavelength.
From 300 to 400nm and from 400 to 500 nm which corresponds
respectively to the absorption zone of the window layer ZnO and
the buffer layer CdS, we see clearly that the increase in
temperature causes greater quantum efficiency. Beyond 500 nm
corresponding to the absorption zone of the absorber layer
CIGS, the external quantum efficiency doesn’t vary more with
increasing temperature, but nevertheless decreases with
increasing wavelength. This can be explained by the fact that the
CIGS has a direct gap, the absorption in the heterojunction is
greater in the base, and improves with increasing temperature
caused by the reduction of the width band gap and the
multiplication of phonon [14]. The minority carrier generation
mechanism dominates the recombination mechanism in this
range of wavelengths, thus resulting in increasing the current
density, therefore, the QE. Moreover, the losses linked to an
incomplete collection in the CIGS observed from the large
wavelengths [850nm-1200nm] are caused to the change of the
threshold of absorption to lower energies and depend on the
diffusion length of the minority carriers in the CIGS [15].
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IV Conclusion
The temperature is a very important parameter in the behavior of
solar cells because they are exposed to the sun rays. In this work,
we studied its influence on the parameters of a heterojunction
solar cell n-ZnO/n-CdS/p-CIGS. The increase in temperature
affects the band gap decreases as the Vco and increases the Jcc,
and therefore the external quantum efficiency. The reduction of
the VCO and the maximum power affects the form factor, and
therefore the efficiency of the solar cell decreases.
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