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Abstract 

In this work, we studied the effect of frequency and temperature on the optimal dimensions of a quantum well photodiode made 

of an alloy of materials (AlGaAs/GaAs). In fact, the derivative of the photocurrent density with respect to the recombination 

velocity at the junction (Sf) gives a quadratic equation whose solutions are expressions of the recombination velocities (Se1 and 

Se2) at the front surface. Thus, by analyzing the mathematical expressions describing the recombination rates of charge carriers 

in the solar cell, the graphical representation of these relationships based on different parameters, such as operating frequency 

and temperature, allows the optimal thickness to be precisely determined, maximizing energy conversion efficiency while 

minimizing recombination losses. Finally, analysis of these curves made it possible to establish calibration relationships for the 

optimal thickness, thus providing a reliable prediction of the solar cell's behavior and the material's efficiency. The calibration 

curves obtained provide a solid basis for studying system performance, optimizing manufacturing processes and adjusting 

production parameters. This approach improves the efficiency of quantum well solar cells through precise characterization, with 

the aim of maximizing their energy yield. 
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1. Introduction 

Faced with pollution problems and the limits of fossil fuels, 

the interest in renewable energies is generating major com-

mitment [1]. Due to the low efficiency of silicon photovoltaic 

cells, many studies have been devoted to identifying factors 

limiting their efficiency [2, 3]. This is how it is in the search 

for the highest yields obtained by photovoltaic conversion, 

quantum well solar cells based on gallium arsenide are prov-

ing to be among the most promising. The GaAs band gap 

width (Eg = 1.425 eV) is close to that required to achieve the 

highest solar conversion efficiency [4, 5]. The performance of 

solar cells is strongly influenced by high temperature [6] 

which affects performance. Quantum well solar cells are less 

influenced by high operating temperatures and are better 

suited for epitaxial crystallization for the growth of ternary or 

quaternary semiconductor alloys. This has led to the phe-

nomenon of development of multi-junction solar cells [7]. 

Thus, solar cells with low thickness obtained with hetero-

junctions present real advantages for improving efficiency. 

However, solar cells are optimized taking into account dy-
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namic  ,D w T , temperature  T  [8-10] dependent diffusion 

coefficient, frequency  w  [11, 12] as well as recombination 

rates. 

This work aims to determine the optimal thickness of the 

emitter of a quantum well solar  n pp   cell under mono-

chromatic illumination in dynamic frequency regime for 

different temperatures. 

2. Theoretical Study 

The study focuses on a quantum well solar cell of the npp+ 

type under monochromatic illumination represented by the 

figure below. 

 
Figure 1. Structure of a quantum well solar cell. 

Considering the phenomena of recombination, diffusion 

and generation in the solar cell illuminated by monochromatic 

light, electron-hole pairs are created. The continuity equation 

of excess minority charge  , ,x T   carriers in the dynamic 

frequency regime is given by the following relation (1): 

 
   

 
 2

2

, , , , , , , , ,
, , , ,

n n n
n
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 
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 
    


                (1) 

 , , ,x t T  is the density of excess minority charge carri-

ers which can be written in the form. 

     , , , , , expn nx t T x T i t      

With  , ,n x T   the spatial component and the temporal 

component. 

 , , ,nG x t T is the carrier generation [13, 14] rate which is 

given by the expression: 

     , , , , , expn nG x t T g x T i t    

With  , , ,ng x T  the spatial component i te   and the 

temporal component. We have: 

      , , 1 exp( )ng x T F R x        

 * ,D T is the complex diffusion coefficient of excess 

minority carriers. Its expression is given by [15-18, 12]: 

   
 

2 2

2

1
, .

1

j
D T D T

 





 
 
  

 

With  D T  is the diffusion coefficient of the electron 

carriers given by the relation below: 

 
 . .bT K T

D T
q


  

1)   19 2,421,43.10T T  is the electron mobility coeffi-

cient [9, 19, 20] 

2) bK is the Boltzmann coefficient 

3) T is the temperature 

4) q is the elementary charge of the electron 

 ,L T
is the complex diffusion coefficient of the excess 

minority carriers is given by: 

 
 * ,

1

L T
L T

i






 

With    .L T D T   is the diffusion length of excess 

minority carriers. 

The solution of the equation (1) allows us to obtain the 

expression of the density of the minority carriers  , ,x T   

is of the form: 

 
   
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With the boundary conditions, we can determine the con-

stants A and B. 

Boundary conditions: 

On the front side: 0x   
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With fS  the speed of recombination of minority carriers 

on the front face. 

At the junction boundary: ex x  
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    (4) 

With eS the recombination speed of minority carriers on 

the front side. 

Solving equations (3) and (4), we obtain two equations with 

two unknowns of A and B. the solution of this system leads to 

the determination of the expressions of A and B. 

The expression of the recombination rate is determined 

from the photocurrent density which depends on the density 

of the excess minority carriers  , ,x T   (2) which translates 

into the following relation: 

   
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, , ,f
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 
  
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 (5) 

From the relation, the equation for the determination of 

recombination rates is obtained. Knowing that for large values 

of the recombination rate of the charge carriers at the junction, 

the photocurrent density is constant. It corresponds to the 

short-circuit current [21, 22]. Consequently, its derivative 

with respect to the recombination velocity  fS is zero: 

 , ,
0
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ph f

f
S grand
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


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
               (6) 

This derivative allows us to obtain two expressions of the 

recombination rate of the front face  1eS and  2eS . 

3. Results and Discussions 

The optimum thickness of the emitter is obtained by the 

intersection of the two curves relating to the recombination 

rates  1eS and  2eS . 

3.1. Determination of the Optimum Thickness of 

a Quantum Well Solar Cell for Different 

Temperature Values at Low Frequency 

Figure 2 below shows the recombination rates for different 

temperature values with f=1,75.102Hz: 

 
Figure 2. Front face recombination speed as a function of emitter 

thickness for different temperature values f=1,75.102Hz. 

The intersection of the curves  1Se and  2Se , gives the 

thickness of the solar cell emitter for each value of the 

low-frequency temperature. Thus, from these data, the table 

below is established: 

Table 1. The values shown above represent the optimum thickness of 

the emitter for different temperatures. 

Temperature (K) Optimum thickness (Cm).10
-4

 

300 9.689 

340 8.919 

380 8.483 

Table 1 shows the optimum thickness as a function of 

temperature at low frequency. 

Figure 3 shows that the optimal thickness decreases with 

increasing temperature for a low frequency. Indeed, when the 

temperature rises, the density of photogenerated carriers 

(electrons and holes created by the absorption of light) in-

creases. As a result, the difference between the concentrations 

of majority and minority carriers decreases, which reduces the 

relative density of minority carriers in the material. This 

reduction directly influences the photocurrent density, which 

is the current generated by the photovoltaic effect. This allows 

the wearers to travel a greater distance before disappearing. 

Therefore, a thinner thickness is sufficient to efficiently col-

lect these carriers, which is why the optimal thickness de-

creases with temperature. 
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Figure 3. Optimum thickness according to temperature. 

The calibration relationship between temperature  T in 

kelvin and optimum thickness  opH  in 410 cm  is given 

by the following formula: 

5 22,1.10 0,02045 13,409opH T T    

3.2. Determination of the Optimum Thickness of 

a Quantum Well Solar Cell for Different 

High-frequency Temperature Values 

Figure 4 below illustrates the recombination speeds for 

different temperature values with f=3,75.106Hz: 

 
Figure 4. Front face recombination speed as a function of emitter. 

On the basis of the results in Figure 4, we draw up the table 

below: 

Table2. The values shown above represent the optimum thickness of 

the emitter for different temperature values, f=3,75.106Hz
.
 

Tempera-

ture (K) 

 Optimum thickness 

(Cm).10
-4

 

300  8.407 

340  7.975 

380  7.710 

Table 2 shows the optimum thickness as a function of 

temperature at high frequency. 

 
Figure 5. Optimum thickness according to temperature. 

Figure 5 illustrates that the optimum thickness decreases 

slightly with increasing temperature, particularly for high 

values of the frequency. This phenomenon is explained by the 

increase in the density of photogenerated carriers with tem-

perature, leading to a reduction in minority carriers. Indeed, at 

high frequencies, photons have enough energy, thus they 

absorbed close to the surface of the material. In addition, 

increasing the temperature increases optimum efficiency with 

a reduced thickness of material to capture most of the light. 

The calibration relationship that relates the temperature 

 T in Kelvin to the optimal thickness  opH in 
410 cm

 the 

material is expressed by a functional relationship of the fol-

lowing form: 

55,22.10 0,0442 16,9701opH T T    
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3.3. Determination of the Optimum Thickness of 

a Quantum Well Solar Cell for Different 

Frequency Values at Low Temperatures 

Figure 6 below illustrates the recombination rates as a 

function of different frequency values with 300T K : 

 
Figure 6. Front face recombination speed as a function of emitter 

thickness for different frequency values, 300T K  

The table below shows the results of Figure 6: 

Table 3. The values shown above represent the optimum thickness of 

the transmitter for different frequency values, 300T K . 

Frequency (Hz) Optimum thickness (Cm).10
-3

 

1,75.102 1,026 

2,75.104 1,024 

3,75.106 0,5047 

Table 3 allows to represent the optimal thickness as a 

function of frequency at low temperature, 300T K . 

 
Figure 7. Optimal Thickness as a Function of Frequency. 

The profile in Figure 7 shows that the optimal thickness 

decreases with increasing frequency for low temperature 

values. This is because at higher frequencies, photons interact 

easily with the material (AlGaAs), resulting in more efficient 

absorption of photons even at relatively low temperatures. In 

other words, the higher the frequency, the greater the energy 

of the photons, the more energy the photogenerated carriers 

capture, which can increase their diffusion in the material. 

Thus, a reduction in the optimum thickness of the material 

(AlGaAs) observed. 

The calibration relationship between frequency  f  in Hz 

and optimum thickness  opH  in cm is deduced from the 

results in Table 3. 

71,39.10 1,026opH f    

 
Figure 8. Vitesse de recombinaison de la face avant en fonction de 

l’épaisseur de l’émetteur pour différentes valeurs de fréquence, 

380T K  

The results in Figure 8 give the table below: 

Table 4. The values shown above represent the optimum thickness of 

the emitter for different frequency values, 380T K . 

Frequency (Hz) Optimum thickness (Cm).10
-3

 

1,75.102 1,074 

2,75.104 1,061 

3,75.106 0,5213 

Table 4 allows to represent the optimal thickness as a 

function of frequency at high temperature. 
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Figure 9. Optimum thickness as a function of frequency. 

According to Figure 9, the optimal thickness decreases with 

increasing frequency at high temperatures. When the tem-

perature is high, the bandgap width of the semiconductor 

decreases. Thus, the photons are absorbed by the AlGaAs 

material more efficiently. It has been observed that the opti-

mum thickness decreases with increasing frequency, particu-

larly at high temperatures. This can be explained by the fact 

that at high temperatures, the band gap of the semiconductor 

(AlGaAs) decreases. Indeed, when the forbidden band is 

narrower, lower-energy photons (corresponding to higher 

frequencies) can excite electrons from the valence band to the 

conduction band. This reduction of the forbidden band allows 

photons to be absorbed more efficiently in the material (Al-

GaAs). As a result, the optimal thickness of the material 

decreases with an increase in frequency, particularly at high 

temperatures where the energy gap is smaller. 

The calibration relationship linking the frequency  f  in 

Hz to the optimum thickness  opH  in cm, based on the data 

in Table 4, is as follows: 

71,47.10 1,589opH f    

4. Conclusions 

In this study of the quantum well solar cell emitter, a 

method was developed to determine the optimum thickness by 

analyzing the intersession of the recombination velocities. 

As the temperature increases, the available energy allows 

for greater excitation of charge carriers, which enhances the 

impact of photon absorption. Even at low frequencies, the 

increase in temperature can favor the creation of photogener-

ated carriers. A thin layer of material is therefore sufficient to 

collect these carriers, as their density is high and recombina-

tion losses are minimized. However, at high frequencies, 

photons have a higher energy and interact more effectively 

with the material. This leads to stronger absorption and more 

localized generation of carriers near the surface. By analyzing 

calibration curves, it is possible to simulate system perfor-

mance and adjust production processes, with in-depth char-

acterization aimed at maximizing the efficiency of photovol-

taic cells. 

Finally, the calibration curves obtained predict the behavior 

of the systems and optimize the solar cell manufacturing 

processes with detailed characterization for improved effi-

ciency. 
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K Kelvin 

Hop Optimal Thickness 

Kb Boltzmann Coefficient 
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