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Multijunction solar cells for concentrator photovoltaic (CPV) systems have attracted increasing attention in re-

cent years for their very high conversion efficiencies. But there is a problem in this type of solar cells (CPV) is to in-

crease the temperature if it has been augmenting the concentration ratio. In this paper, we studied the effect of the 

concentration photovoltaic in a high-efficiency double-junction devices solar cell on temperature solar cell and its im-

pact on the photocurrent, the efficiency and open circuit voltage. In this study, the top cell is made of AlGaAs 

(1.73 eV) while the bottom cell is made of GaAs (1.42 eV) between them a tunnel junction. 
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1. INTRODUCTION 
 

Photovoltaic is accepted as a promising technology 

that directly takes advantage of our planet’s ultimate 

source of power, the sun. When exposed to light, solar 

cells are capable of producing electricity without any 

harmful effect to the environment or devices. Therefore, 

they can generate power for many years (at least 20 

years) while requiring only minimal maintenance and 

operational costs. Currently the wide-spread use of pho-

tovoltaic over other energy sources is impeded by the 

relatively high cost and low efficiency of solar cells [1]. 

Multijunction solar cells built from III-V semiconduc-

tors are being evaluated globally in CPV systems de-

signed to supplement electricity generation for utility 

companies. The high efficiency of III-V multijunction 

concentrator cells, with demonstrated efficiency over 

40 % since 2006 [10], strongly reduces the cost of CPV 

systems, and makes III-V multijunction cells the tech-

nology of choice for most concentrator systems today.  

It should be considered that the temperature of the 

solar cell will increase dramatically under light concen-

trating operation which will significantly influence the 

performance of the cell. The conversion efficiency and 

the open-circuit voltage (Voc) of solar cells will decrease 

with increasing temperature [2, 3]. Several researchers 

have studied the temperature dependence of many 

kinds of solar cells [4, 5] but has proved that the tem-

perature range was tight. Therefore, it is useful to study 

the temperature characteristics for tandem solar cell in 

detail, the temperature range should be wider because 

solar cells combination of concentrations. 

In this paper, we propose a two-junction solar cell 

device having AlGaAs (1.73 eV) as a top cell and GaAs 

(1.42 eV) as a bottom cell. The two cells are connected 

back to back and separated by tunnel junction GaAs[6] 

the reported for purpose was to studied the influence of 

temperature on the solar cell parameters (photocurrent, 

open circuit voltage and efficiency) in a fairly wide 

range of concentration levels (1 to100 sun). 

 

2. MODEL DISCRIPTION 
 

2.1 Device Modeling  
 

The structural diagram of the fabricated  

AlGaAs/GaAs between there tunnel junction whith 

concentrator solar cells are shown in Figure 1. The 

epilayers of the fabricated samples were grown by 

MOCVD technique. The cell area is 10 mm  10 mm. 

The main post-growth technology of tandem cells in-

cludes photolithography, evaporation, metallization and 

selecting etching. The front grids contact was evaporater 

using Ti/Pt/Au and the back contact was formed of 

Ti/Pd/Ag using evaporation. 
 

 
 

Fig. 1 – The structure of the multijunction 
 

The base parameters used for different structures 

adopted from some standard references are shown in 

Table 1[11], [12]. 

 

2.2 Analytical Model 
 

In this work, calculations were all performed under  

(1 to 100 sun) AM1.5 illumination and a temperature of 
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300 K using the one diode ideal model, and for conve-

nience, several simplifying assumptions were made,  
 

Table 1 – The parameters of tandem solar cell 
 

Parameters Values 

Top cell 

AlGaAs 

Bottom 

Cell GaAs 

Band Gap (eV) 1.73 1.43 

Doping concentrations Na (cm – 3) 2  1017 2  1017 

Doping concentrations Nd (cm – 3) 2  1017 2  1017 

Intrinsic density ni (cm – 3) 2  103 2.1  106 

Thickness the region P Xj (cm) 0.8  10 – 4 1   10 – 4 

Thickness the region P H(cm) 1  10 – 4 2.5  10 – 4 

The recombination velocity front 

surface Sn (cm2s – 1) 

1  104 1  104 

The recombination velocity back 

surface Sp (cm2s – 1) 

1  104 1  104 

 

including no series resistance losses, no reflection losses 

and contact shadowing. 

The total the photo current density from single cells 

under illumination is given by: 
 

 ph n p wj j j j    (2.1) 

where jn the photo current density in the emitter region 

is expressed by: 
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(2.3) 

 

Xj – the thickness of the region P 
 – absorption coefficient. 

F – Incident photon flux at surface  

Sn – the recombination velocity front surface 

Dn – the diffusion constant for electrons 

n  – the electrons lifetime. 

R – coefficient reflection. 

Jp The photo current density in the base region is 

expressed by: 
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   (2.4) 

p  is the excess hole concentration, pD the diffusion 

constant for holes and p the holes lifetime. 

With 2
p p pL D   (2.5) 
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H – the thickness of the region N 

Sp – the recombination velocity back surface 

Dp – the diffusion constant for electrons 

p  – the electrons lifetime 

 

The photo current density in space charge layer n-p is 

expressed by [1]: 
 

      ( ) 1 exp 1 expw jJ qF R x w           (2.6) 

 

Where W is the space charge layer n-p thickness. 

The open circuit voltage is given by: 
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2.3 PV Characteristic 
 

The power supplied to the external circuit by the so-

lar cell under illumination depends on the load resistor 

(external resistor placed across the cell). This power is 

maximum for an operating point (Pm, Jm and Vm) of the 

current-voltage curve. To this point we can write: 

After approximations 
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The cell conversion efficiency is usually taken to be: 
 

 max .
 m m

in in

P J V

P P
    (2.10) 

 

Pin is the total incident solar power. 

For maximum efficiency, each cell should be operated 

at its optimal J-V parameters, which are not necessarily 

equal for each cell. If they are different, the total current 

through the solar cell is the lowest of the two. By approx-

imation, it results in the same relationship for the short-

circuit current of the multi-junction mode tandem solar 

cell: 
 

  min mkJ J  (2.11) 

 

An operating voltage Vm and power output will be ob-

tained: 
 

 1 2.min( )m mP V J   (2.12) 

 

Where: 
 

 1 2m TJV V V V    (2.13) 
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With : 

V1 – voltage top solar cell. 

V2 – voltage bottom solar cell. 

VTJ – voltage tunnel junction . 
 

 mt
t
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P

P
   (2.14) 
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RESULTS AND DISCUSSION 
 

In order to determine the cell temperature, Solving 

numerically allows us to obtain the optimal process 

temperature according to the solar concentration ratio 

(Figure 2) 
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Fig. 2 – Solar concentration dependence of the temperature 
 

Note that there is a temperature increase in the de-

vice but the largest increase in the upper top cell be-

cause it is directly exposed to light. 

 

3.1 Effect of Temperature on the Optimized Tan-

dem Solar Cell 
 

After calibration of the AlGaAs/GaAs solar cell, the 

effect of temperature on the GaInP/GaAs tandem solar 

cell is investigated with two components: Top cell  

(AlGaAs) and Bottom cell (GaAs). The operating tem-

perature of the cells was varied from 295 K to 400 K. 

The simulation results are shown in Figures 3, 4 and 5. 
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Fig. 3 – Temperature dependence of the photocurrent 
 

Figure 3 show a little of instability in short photo-

current high values of temperature for both cells (up - 

down) .But we note that the photoelectric cell is greater 

than before the photocurrent the bottom cell. 

Figure 4 show a Due to the augmentation of the 

darkness current density Jo (reverse saturation current 

density) of the cell, the open circuit voltage decreases 
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Fig. 4 – Temperature dependence of the open circuit voltage  
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Fig. 5 – Temperature dependence of the efficiency 
 

linearly with the increase of temperature T  300 K. 

This is true for the top cell, bottom cell and the mono-

lithic tandem cell [7] 

Figure 5 shows the efficiency of the solar cell when 

the concentration is increased. The temperature is set 

to 310 K. It shows the typical shape of this type of 

curves, although the maximum in efficiency is in our 

simulation at a concentration of around 20 suns, which 

is higher than typical values observed experimentally. 

 

4. CONCLUSIONS 
 

In this work, we studied the behavior of  

AlGaAs/GaAs Tandem solar cell under concentration. 

The electrical properties of the cells are studied for a 

variant concentration in the range between 1 and 

100 sun. We have show that the temperature increase 

causes reduction of open-circuit voltage, and conversion 

the efficiency of the cell. 

For the tandem cell, the change in short-circuit with 

the current temperature is remarkable in the two cells. 

We can see that the tandem cell performance depends 

on characteristics of the bottom cell when the cell tem-

perature is increasing 
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