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 
ABSTRACT 
 
In this paper a numerical optimization and simulation are 
carried out using a Tcad Silvaco to extract the I-V 
characteristics of the single solar cells InGaP and GaAs and 
to predict the effect of the window layer on the performance 
of the solar cells. First, the InGaP and GaAs solar cells are 
simulated without a window layer, we have obtained an 
efficiency (ɳ=15.95) and (ɳ=11.24) respectively.  In a second 
step, both InGaP and GaAs cells are simulated by 
introducing the window layer (In(0.39)Al(0.61)As(0.16)P(0.84) for 
InGaP cell) and (In(0.5)Ga(0.5)P for GaAs cell. We noticed an 
improvement in the characteristics I-V of each cell: fill factor 
(FF = 91.21%) and (ɳ =21.43%) for InGaP cell and (FF = 
88.03%) and (ɳ =25.27%) for GaAs cell. The results were 
obtained under AM1.5 illumination and 300°K  
 
Key words: Efficiency, GaAs solar cell, InGaP solar cell, 
Window layer.  
 
1. INTRODUCTION 
 

Solar energy has become one of the most important 
sources that replace fossil energy because of its abundance. 
Efforts are made to increase the efficiency of solar cells and 
reduce the cost of production. The modeling and choice of 
semiconductor materials constituting solar cells are very 
important to improve their performance. 

The efficiency of a solar cell is also limited by different 
types of losses: intrinsic losses and or extrinsic losses. So, we 
try to reduce these losses by modeling, optimizing the 
different layers of the InGaP and GaAs heterojunction cells 
in particular the window layer to achieve an optimal 
efficiency and make a comparison between the performance 
of InGaP cell and GaAs cell. 

The photovoltaic cells use semiconductors to collect the 
pairs electron-hole created by collision of photons in the 
material. Electrical energy is generated when photons incite 
electrons from the valence band into the conduction band in 
semiconductor materials [1] 

Generally, the compounds used in solar cells of high 
efficiency, are alloys of elements from column III and 
                                                        

 

column V in the periodic table. The main III-V 
semiconductors as, GaAs and InP can be alloyed with other 
materials as Al to give ternary compounds such as AlxGa1-
xAs and GaxIn1-xP where x is the molar fraction [2].They 
are formed as thin films to be used in different terrestrial and 
space applications 

The modelling of photovoltaic devices depends on several 
intrinsic optoelectronic properties of the material, such as 
surface recombination, lifetime, molar fraction and doping 
level. Doping level is one of the extrinsic parameters which 
have an essential role in varying the efficiency.  

The main parameter of the solar cell is its efficiency which 
was quite feeble in single junction solar cells. The InGaP and 
GaAs single cells will continue to be the focus of many 
researches in the field of photovoltaic owing to their 
absorption of the large part of the solar spectrum.  

 In this paper, we report the design of InGaP and GaAs 
single junction solar cells with an InAlAsP window layer for 
InGaP cell and InGaP window layer for GaAs cell.The 
conversion efficiency and the fill factor are obtained under 
AM1.5 and 25°C. 
The numerical simulation allows modeling the performance 
of solar cells precisely and evaluates the effect of 
temperature and window in varying the efficiency of both 
InGaP and GaAs solar cells. The modeling and optimization 
of InGap and GaAs cells allow an effective comparison 
between the two cells and then improving their efficiency.  
We carried out the simulation under AM1.5 (100 mW/cm2).  
 
2. OPTIMIZATION OF MATERIALS AND LAYERS  
 
 Under a solar spectrum AM1.5, the choice of 
semiconductor materials has an important role in increasing 
the efficiency of a solar cell. This choice depends mainly on 
the gap energy, molar fraction and doping. The optimal gap 
energy of single-junction solar cells, which give a better 
efficiency, must not exceed 1.4 eV like GaAs [3] [4]. 

2.1The window layer 
The window layer is used to minimize the recombination 

of the surface of the traps of the minority carriers.  There are 
several criteria to consider when choosing the window layer. 

 The window used for InGaP cell is InAlAsP and that used 
for GaAs cell is InGaP [5]. 
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- The lattice constant is close to that of the emitter InGaP 
(5.65A). 

 -The gap energy of the window must be higher than the 
gap energy of the emitter (InGaP) (Eg = 2.30eV). 

- The window must have a high doping concentration: 
more than 1018 cm-3 [6] [7]. 

 
2.2Back Surface Field (BSF) 

We have used an InAlAsP BSF for the InGaP cell and an 
AlGaAs BSF for the GaAs cell. This choice must respect the 
characteristics of the sub layer of the BSF. 

For the InGaP cell: the lattice constant of the BSF 
InAlAsP is close to the lattice constant of the base InGaP 
(5.65 Å). For the GaAs cell, the lattice constant of the BSF 
AlGaAs is close to that of the base GaAs (5.64 Å). 

 The gap energy of the BSF of InGaP cell (InAlAsP) is Eg 
= 2.30eV, the gap energy of the BSF of GaAs cell (AlGaAs) 
is Eg = 1.80eV.   

The doping concentration is of the order of 1020/ cm-3) [5].  
 

2.3 InGaP material properties 

 
 Ga (x) In (1-x) P is a ternary compound. It has a direct gap 
for a mole fraction less than 0.74 and an indirect gap for a 
mole fraction greater than 0.74. It is characterized by a low 
rate of recombination on the surface.  
The lattice constant: the epitaxial (heterojunction) of the two 
different semiconductors can be done only if the 
semiconductors have very close lattice constants to avoid the 
mismatch between the substrate and the semiconductor 
material. The lattice constant of In(1-x)Ga(x)P (a ternary 
alloy) is calculated according to Vegard's law as follows [4] 
[6] [8]: 
 

 α୍୬(భష౮)ୋୟ(౮)୔ = ௔௉ீߙݔ + (1−  ூ௡௉ߙ(ݔ
 
Where α is the lattice constant and x is the molar fraction. 
 
Whereas the lattice mismatch between the semiconductor 

materials of the substrate and that of the material of the 
upper layers is given by [6]: 

Δα = α(ୣ୮୧୲)ିα(ୱ୳ୠ)
α(ୣ୮୧୲)

     

                
The following table shows the material properties Ga(x)In 
(1-x)P at 300k. 
 

Table 1: Properties of Ga (x) In (1-x) P material at 300k. 
 

 

 
 
 

2.4 GaAs material properties 
 
Gallium arsenide is a direct gap compound. It is 
characterized by a high mobility of electrons and stability at 
a high temperature. The properties of the GaAs material are 
shown in the following table [6] [9]: 
 

Table 2: Properties of GaAs Material at 300k. 
 

Parameter GaAs 

Gap energy (eV) 1.42 

Dielectric Permittivity ε 13.2 

Affinity ϰ (eV) 4.07 

Lattice constant (À) 5.65 

Auger coefficient (cm6/s) Doped (n) :1.9×

10ିଷଵ 

Doped (p) : 12×

10ିଷଵ 

Radiative recombination 

A0 (cm3/s) 10ିଵ଴ 

Effective mass of 

electrons and holes 

m*e(x) et m*h(x) 

݉௘
(ݔ)∗
݉଴

= 0.067 

௠೓
∗ (௫)
௠బ

= 0.642 
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3. THE SOLAR SPECTRUM 
 

The optimized InGaP and GaAs cells are illuminated by an 
AM1.5 solar spectrum whose energy is 1000W / cm2 
because this spectrum allows the extraction of the I-V 
characteristic (current / voltage) and consequently the 
calculation of the efficiency of the cell.  
 

 
 

Figure 1: AM1.5 solar spectrum illuminating the solar cell. 
 

    The wavelengths of the absorbed photons range from 539 nm 
to 0.873 nm. The following Table V-5 shows the wavelengths of the 
materials used. 
For indium gallium (InGaP), the band gap energy Eg is equal to 
1.42 eV. The wavelength of the photon energy is calculated as 
follow: λ(μm) = ଵ.ଶସ

ଵ.ସଶ
= 0.873 

 
Table 3: Wavelengths of the used materials. 

 
Matériaux InGaP GaAs 
Longueurs d’ondes (nm) 873 652 

4. SIMULATION RESULTS AND DISCUSSION 

4.1 Mathematical approach 

The power conversion efficiency (ɳ) is the most important 
parameter for a solar cell. It is defined by the following 
equation [6] [10]: 

 

ɳ = ௉೚ೠ೟
௉೔೙

= ிி௏ೀ಴ூೄ಴
௉೔೙

              (1) 

Where Pin is the incident power of AM1.5 spectrum (Pin = 
1000w / m2). 

 ISC :is the short-circuit current and is calculated as follow: 

ௌ஼ܬ = ௌ஼ேܫ + ௌ஼஽ܫ +  ௌ஼௉             (2)ܫ

 The sum of the three currents (ISCN ,ISCD , and ISCP is the 
contribution of  n-type region, the depletion region, and the 
p-type region (ISCP) respectively. 

The open-circuit voltage can be determined as 

ைܸ஼ = ௄்
௤
݈݊ ூೄ಴

ூబభ
               (3) 

K: Boltzman constant, T: temperature in Kelvin, q: is the 
electrical charge, I01: the dark saturation current. 

The Fill factor (FF) gives how the squareness I-V 
characteristic is. It is defined as  

 

ܨܨ = ௉ಾು
௏ೀ಴ூೄ಴

= ௏ಾುூಾು
௏ೀ಴ூೄ಴

             (4) 

 

Where: PMP: is the maximum power point.  

 
 

Table 1: Attributes of Cleveland dataset 
 

4.2 Simulation of the InGaP cell  
The InGaP solar cell is simulated with the characteristics 

mentioned in figure (3). The obtained simulation results are 
shown in figures 2, 3 and 4: 

 
 Figure 2: Optimized InGaP Cell Design. 
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Figure 3: Design structure of the optimized InGaP Cell with an 

InAlAsP window. 
 

 
 
 

Figure 4: I-V characteristics with InAlAsP layer window. 
 

 
 
 Figure 5: I-V characteristics of InGaP cell without an InAlAsP 

window. 
 
 

4.3 Simulation of GaAs Solar Cell 
 

 

 
Figure 6: Optimized GaAs Cell Design.. 

 

 
Figure 7: Design structure of the optimized GaAs Cell with an 

InGaP window. 
 

 
Figure 8: I-V characteristics of the optimized GaAs cell with 

InGaP layer window. 
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Figure 9: I-V characteristics of GaAs cell without an InGaP 

window. 
 
5. COMPARISON RESULTS AND DISCUSSION 
 

The choice of the thin and highly doped (1019cm-3) 
“InAlAsP” window layer for InGaP cell and “InGaP” for 
GaAs cell is done by taking into consideration certain criteria 
such as the gap energy which must be greater than that of the 
cell emitter. 

Firstly, the InGaP and GaAs solar cells are simulated 
without the window layer, the I-V characteristics, the values 
of short circuit current (JSC), open circuit voltage (VOC), fill 
factor (FF) and efficiency (ɳ) before and after introducing a 
window layer are illustrated in following table: 

 
Table 4: Comparison between the optimized InGaP and 

GaAs cells efficiency. 
  

 
 
We notice that the GaAs cell exhibits the highest 

efficiency and short-circuit current density after the 
introduction of the window layer (ɳ=25.27% and 
JSC=28.70mA) while the InGaP cell allows for a smaller 
efficiency and current density (ɳ =21.43% and 
Jsc=14.40mA). The use the window layer has an important 
role in improving the performance of the solar cells. Thus, 
the window layer is a conductive layer. It allows the 
electrons to flow to the electrical contacts without increasing 
the resistance of the cells in series, to avoid surface 
recombination and solve the problem of mesh mismatch and 
consequently to increase the efficiency of the cell. In order 
for the light rays to penetrate into the layers of the 
photovoltaic solar cell, it is necessary to use a window layer 

with semiconductor materials whose gap energy is important 
to be transparent to light [11]. The base thickness of the 
GaAs cell (3µm) which is greater than the base thickness of 
the InGaP cell (0.55µm) affect on the short current density 
and the conversion of each cell due to the fact that deep 
levels are more effective in GaAs which has smaller energy 
gap than InGaP. As the thickness increased (decreased), Jsc 
and ɳ increased (decreased) [12].  

6. CONCLUSION 
 In this paper, we have accurately optimized, simulated 
and compared between single heterojunction solar cells 
InGaP and GaAs.  We have extracted the characteristics (JSC, 
VOC, FF and ɳ) for each cell with interpretation. Then, we 
conclude that the introduction of a window layer has an 
important role in improving the performance of InGaP and 
GaAs cells. We aim for further work on improving the single 
cells performance and using different semi conductor 
materials for window layers that can exhibit higher cell 
efficiencies. 
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