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Abstract- In this paper an optimization model of the top cell emitter’s bandgap and thickness of AlxGa1-xAs/ GaAs Multi-
Junction Solar Cell (MJSC) is treated. This study allows to enhance, after two optimization steps, efficiency energy conversion 
up to 24.9% compared with existing studies. This model is based on the maximization of the smallest photocurrent over two 
solar cell junctions of the MJSC. The efficiency is boosted due to the limitation of the different types of photons’ energy losses 
known in the GaAs solar cell materials. 
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1. Introduction 

The Multi-junction solar cells are widely studied for 
their high efficiency in comparison with single-junction 
ones. However, despite this advantage of the former, it is 
characterized by certain losses such as intrinsic losses, due to 
photon excess energy (hv>>Eg) or to the unabsorbed photon 
(hv<Eg) [1-3]. To minimize these losses, there have been 
extensive studies which shed light on this field during the 
last decade [4-7]. 

Among the solutions to the reduction of these losses in 
solar cells the use of the tandem solar cells is adopted. In this 
case, when solar cells are placed, in a way that their energy 
gaps are in decreasing order from top to bottom; maximum 
absorption of photons is ensured [8-10]. 

In the present search the effect of the AlxGa1-xAs/GaAs 
top solar cell emitter’s bandgap and thickness on 
photocurrent is chosen to improve efficiency energy 
conversion. The first step to increase the photocurrent is by 

varying the bandgap; accordingly the spectral response of the 
two cells changes effectively. The second step to improve 
more the photocurrent, considering the obtained optimum 
bandgap value, is by varying the top cell emitter’s thickness. 
This latter allows more photon absorption. Both optimum 
obtained values of top solar cell emitter's bandgap and 
thickness lead to a better efficiency energy conversion. 

2. Photocurrent Model 

Figure 1 shows the schematic diagram of the tandem 
solar cell. The two junctions are deposited in a decreasing 
order of bandgap in order to allow the top solar cell to absorb 
the photons of high energy before the bottom cell. The 
remaining photons are absorbed by the second cell, this 
configuration avoid the energy loss by thermalization [11-
13]. 
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 Fig. 1. Structure of the AlxGa1-xAs/GaAs tandem 

solar cell. 

The following table summarizes the parameters of the 
two solar cells used to calculate photocurrent of the tandem 
solar cell showed in Fig.1 [14, 15]. 

In order to investigate the influence of the emitter’s bandgap 
and thickness on the efficiency energy conversion in AlxGa1-

xAs/GaAs tandem solar cell, the total photocurrent density Jph 
in each cell is evaluated based on the total photocurrent 
density in standard p-n junction model. 

Jph is given by [16, 17]: 

( ) ( ) ( ) ( )λλλλ dnpph JJJJ ++=                         (1) 

Jp(A/m2), Jn(A/m2) and  Jd(A/m2)in Eq.(1) are, respectively, 
the photocurrent density in p, n and depletion region. 

The emitter photocurrent density is given by:  
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Table 1. Parameters of the AlGaAs/GaAs tandem solar cell. 

 Top cell Bottom cell 
Acceptor concentration (cm-3)  2.1017 2.1017 
Donor concentration (cm-3) 
Intrinsic concentration (cm-3) 

2.1017 

2.103 
2.1017 

2.1x106 
Electron mobility (cm2 V-1 s-1) 6000 9340 
Hole mobility (cm2 V-1 s-1) 200 450 
Emitter thickness (µm) Variable with x 1 
Base thickness (µm) 1 1.5 
Bandgap Eg (eV) Variable with x 1.42 

Which leads to the following expression: 
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The signification of each parameter in Eq.(3) is explained 
in table 2. 

Table 2. Signification of parameters in Eq.(3) to Eq.(6). 

Parameters  Signification 

q The elementary charge 

F The incident photon flux at surface (W/m2) 

R Reflection coefficient 

α Absorption coefficient (m-1) 

Ln,p The electron, hole diffusion length respectively(m) 
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Sn,p The electron, hole surface recombination velocity respectively (m-2) 

Dn,p The electron, hole  diffusion coefficient respectively(m2/s) 

δp,n The thickness of p, n region respectively (m) 

x Arbitrary position in p, n region  

τn,p Electrons, holes lifetime respectively (s) 

 

Where nnn DL τ=
 

The photocurrent density in the depletion region is 
expressed by:  

( ) ( ) ( )[ ]WRqFJ pd ααδ −−−−= exp1exp1         (4) 

Where W is the depletion region thickness 

The photocurrent density at base region is given by:                                    
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Where pΔ  is the hole excess concentration (m-3) 

Which leads to the following expression: 
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Where ppp DL τ=  

The total photocurrent density Jph is obtained by 
integrating the photocurrent density Jph (λ) of Eq.(1) on the 
whole range of the AM 1.5 solar spectrum. 

We note that the effect of windows layer and the tunnel 
junction are not considered in our photocurrent evaluation. 

3. Results and Discussions 

3.1. The spectral response 

In order to associate the conversion energy efficiency to 
the photocurrent, it is very useful to show the spectral 
response range of each separate cell. 

Figure 2 shows the variation of spectral response curves 
for a random x of AlxGa1-xAs/GaAs cell (Black) and for 
GaAs cell (Red). The photons of wavelength varies from 
0.24 µm to 0.68µm are absorbed by the top solar cell, this is 
why the second’s cell spectral response is weak in the 
aforementioned range. 

The bottom cell’s bandgap allows the absorption of 
photons in the range of wavelength from 0.68 µm to 0.87 µm 
meanwhile, the top solar is transparent. This phenomenon 
results of the exponential decreasing of photon flux which is 
inversely proportional to position x and the absorption 
coefficient α of the solar cell (see Equations 3, 4 and 6).   

 
Fig. 2.The spectral response for the two solar cells. 

These remarks allow the distribution of each wavelength 
range suitable to each cell, then to calculate the appropriate 
photocurrent. 

3.2. The bandgap optimization 

Now, by varying x in formula of AlxGa1-xAs/GaAs 
material composition, the energy gap varies therefore, the 
spectral response of the two cells and their photocurrent 
change as well. The following figure shows the variation of 
the photocurrent density of each cell depending on the 
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bandgap of the top cell despite keeping the bottom’s cell 
bandgap Eg2 constant (1.42 eV). 

	
Fig. 3.The variation of photocurrent density versus top 

cell bandgap, the bottom bandgap remains fixed (Eg2= 
1.42eV). 

The two cells are connected in series so the total solar 
cell current is the smallest [18]. The aim of this optimization 
is to increase the total solar cell current. Figure 3 shows that 
for low bandgap the photocurrent of the top cell decrease 
while the photocurrent of the bottom cell increases. The 
principal cause of this result is owing to the spectral response 
behavior of each cell (see Fig.2). The optimum value of Jph is 
the intersection of the two currents which corresponds to 
sameness photocurrent. This means that the optimum of top 
cell bandgap is Eg1 = 1.733eV. This value permits the 
achievement of optimal photocurrent density of 
13.81mA/cm2 thereby give a better efficiency of the tandem 
solar cell. This value of bandgap corresponds to a fraction of 
Al of about 20% according to the equation (7) taken from the 
experimental data for Eg of Aspnes et al. [19] and Aubel et 
al. [20]. 
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Eg(x) present the lowest direct bandgap versus x for 
AlxGa1-xAs/GaAs. 

Figure 4 shows the variation of the efficiency of tandem 
solar cell according to the variation of the bandgap of the top 
cell.  

 

Fig. 4. The variation of efficiency versus top cell 
bandgap, the bottom cell bandgap remains fixed (Eg2= 

1.42eV). 

The maximum efficiency of about 24.3% corresponds to 
top cell bandgap of  Eg1 = 1.733eV already found in figure 3. 

3.3. The top solar cell thinness optimization 

After having obtained the optimum value of top solar 
cell bandgap, the emitter’s thickness effect on the 
photocurrent of the both solar cells is investigated. 

By the same optimization policy, we tend to improve the 
photocurrent by varying the top cell thickness, this allows 
more photon absorption. Figure 5 shows the variation of 
photocurrent density versus the top cell thickness while 
keeping the bottom’s cell thickness constant (X2=2.5µm). 

 
Fig. 5.The variation of photocurrent density versus top 

cell thickness, the bottom thickness remains fixed (X2= 
2.5µm). 

From the intersection of the photocurrent density curves 
of the top cell and bottom one of Fig.5 the optimum value of 
thickness is almost 0.747µm which engenders a photocurrent 
density of 14.33mA/cm2. There is an improvement of 
photocurrent of about 3.6%.  
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Other authors [21] found the optimum AlxGa1−xAs layer 
thicknesses of 10 µm for the emitter in 
AlxGa1−xAs/GaAs heterojunction solar cell. 

In this study AlxGa1−xAs constitutes a top layer cell 
counter to  other work [22] in which AlxGa1−xAs  is used as 
surface barrier layer or as windows layer [23, 24]. 

The figure 6 shows the variation of efficiency against top 
cell thickness while keeping the bottom’s cell thickness 
constant (X2=2.5µm). 

	
Fig. 6. The variation of efficiency versus top cell emitter 

thickness, the bottom thickness remains fixed (X2= 2.5µm). 

From Fig.6 it is seen that the efficiency improves to a 
maximum of 24.9% for a thickness of 0.747 µm, already 
found in figure 5, an increase of 2.4%.  

4. Conclusions 

An optimization of AlGaAs/GaAs top solar cell emitter’s 
bandgap thickness in order to limit losses and improve 
efficiency in the MJSC has been introduced. A photocurrent  
density of 13.81mA/cm2 and an efficiency of about 24.3% 
have been obtained after the top cell bandgap optimization. 
These two values are boosted, after the emitter thickness 
optimization, to about 3.6% and 2.4% to reach 14.33mA/cm2 
and 24.9% respectively. The optimum emitter bandgap and 
thickness values are 1.73 eV and 0.747µm respectively. As a 
perspective, the study of the solar cell efficiency for sun 
concentration system and the effect of window layer on 
photocurrent could be also taken into account. 
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