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Abstract— To overcome the efficiency limitations of conventional photovoltaic cells, research has shifted toward novel 

materials, specifically III-V nitrides. Among these, Indium Gallium Nitride (InGaN) is particularly promising due to its 

tunable energy bandgap covering the entire visible spectrum, its high absorption coefficient, and its resilience to high 

power densities. These properties make it an outstanding candidate for high-efficiency photovoltaic solar cells. Within 

this framework, a resonant multi-dielectric multilayer structure has been proposed to amplify the optical field prior to 

its interaction with the cell's active layer, thereby enhancing absorption. This resonant structure was subsequently 

coupled to a single-junction InGaN cell and simulated under AM1.5G illumination in a steady-state regime using 

Matlab/Simulink. The study then proceeded to optimize the performance of the coupled cell by analyzing the influence 

of emitter and base thicknesses on the device's electrical parameters. The results demonstrate a significant performance 

enhancement: the proposed cell exhibits a higher current density (rising from 32.68 mA/cm² to 41.2 mA/cm²), a slightly 

improved open-circuit voltage (from 0.94 V to 0.962 V), and a substantially higher conversion efficiency, increasing 

from 26.5% to 34.54%. These findings suggest that this approach could pave the way for the development of 

significantly more efficient solar panels in the future. 

 

Keywords— In.Ga.N, Solar cells, single-junction, resonant structure, coupling, optimization, thicknesses, steady-state 

regime 

I. INTRODUCTION 

Energy lies at the heart of the economic and technological development of modern societies. Since the Industrial 

Revolution, global energy demand has grown steadily, largely met by fossil fuels such as oil, coal, and natural gas 

[1]. While these sources have long accounted for nearly all energy production, their environmental impact—

particularly regarding greenhouse gas emissions coupled with their finite and non-renewable nature, has led to a 

global awareness of the urgent need to diversify energy sources [2]. 

In this context, renewable energies are playing an increasingly central role in energy strategies. Among them, 

solar photovoltaic (PV) energy stands out due to its abundance, cleanliness, and virtually unlimited potential [3]. 

However, despite its numerous advantages, the conversion efficiency of photovoltaic cells which measures their 

ability to transform solar energy into electricity remains a major challenge. Conventional solar cells, primarily 

silicon-based, achieve efficiencies that are limited by intrinsic constraints such as spectral absorption mismatch and 

recombination losses [4], [5]. 

To overcome these limitations, extensive research is underway to enhance the performance of photovoltaic 

devices. One of the most promising avenues involves the use of novel materials with wide bandgaps and high 

absorption potential, such as III-V nitrides, specifically Indium Gallium Nitride (InGaN). This material exhibits 

compelling optoelectronic properties, including a tunable bandgap and excellent thermal stability, making it an 

ideal candidate for next-generation photovoltaic cells [6], [7].   

In parallel, the optical engineering of these devices, specifically light-trapping techniques, aims to maximize 

photonic absorption without compromising the electrical properties of the cell [8].  
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This study falls within this dual framework of enhancing photovoltaic efficiency through the integration of 

innovative materials, such as InGaN, and the optimization of light-trapping mechanisms. 

This paper aims to model and simulate a single-junction solar cell based on Indium Gallium Nitride (InGaN), 

coupled with dielectric nanostructures to enhance the optical field under multi-spectral illumination in a steady-

state regime. The study also focuses on optimizing the cell's electrical performance by adjusting the thickness of its 

various layers, using Matlab/Simulink software.  

II. DESCRIPTION OF THE STUDIED MODEL 

In this analysis, we investigate the optoelectronic behavior of a single-junction photovoltaic cell, composed of an 

          alloy and integrated into a multilayer dielectric resonant structure. As illustrated in Figure 1, the 

structure is stacked along the z-axis, which defines the depth. Since the dimensions in the x and y planes are 

significantly larger than the cell thickness, the lateral current components can be neglected within the scope of this 

one-dimensional modeling. 

The optical device consists of a glass superstrate (n0 = 1.52), a periodic stack of alternating dielectric thin films 

with high refractive index (nH = 2.141, Ta2O5) and low refractive index (nB = 1.4570, SiO2), and an air substrate (ns 

= 1). This architecture forms a resonant cavity designed to enhance spectral absorption within the active region of 

the cell.  

The          -based cell consists of three functional layers: a surface anti-reflective coating, a p-doped emitter, 

and an n-doped base, consistent with the conventional configuration of thin-film solar cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                            
Fig.  1 Single-junction solar cell based on InGaN coupled with a resonant structure 

III. SOLAR CELL MODELING 

With the aim of improving solar cell efficiency, particular attention can be paid to their configuration, which 

plays a pivotal role in their overall performance.  

A. Irradiance, incident power, and ground-level solar flux 

For analytical calculation purposes, the ground-level solar irradiance is approximated by a non-linear function of 

the form [9] :  

               
       

   
 

  
       

               (1) 

Where :   ranges from 0.3 µm to 2.5 µm 

By varying the six parameters   ,   , A,   , p et    while comparing them with the actual solar spectrum; 

equation (1) then becomes : 

                         
            

        
       

 
            

                                  (2) 
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The incident power and solar flux are respectively derived from the analytical expression of the solar irradiance 

as follows : 

          
    

    
                                    (3) 

     
      

  
                                          (4) 

B. Optical parameters of the material 

These are essential parameters for optoelectronic devices such as photovoltaic solar cells, as they govern the 

propagation of light within the component. Among these parameters, we can mention :  

1)  Evolution of the energy bandgap in l’InxGa1-xN: The energy bandgap of l'InxGa1-xN can be expressed 

according to Vegard's law, which relates the bandgap values of indium nitride (InN) and gallium nitride (GaN). 

Consequently, the InxGa1-xN ternary alloy, formed from these two binary semiconductors (GaN and InN), possesses 

a direct bandgap that ranges from 0.7 eV to 3.42 eV. Vegard's law is an empirical rule stating that the lattice 

properties of an alloy (such as the energy bandgap, lattice parameters, etc.) can be determined through a linear 

interpolation of the property values of its constituent components. This law is defined by the following equation 

[10] :  

                                                 (5) 

However, for the InGaN alloy bandgap, the measured values are not in full agreement with those obtained 

through linear interpolation. Consequently, a bowing parameter b is introduced into the expression to match the 

experimental data. Thus, Vegard’s law, incorporating the bowing parameter b, is defined as follows [11] : 

                                                         (6) 

Where               represents the bandgap energy of the InGaN alloy     ,         et         are the 

energy bandgaps of InN et GaN, x is the indium concentration in           et b the bowing parameter. It is 

therefore important to specify its evolution as a function of temperature, which is given by the following Varshni 

expression [12] : 

               
             

     
          

             

     
                         (7) 

2)  Absorption coefficient: Thus, for solar cell fabrication, materials with high absorption coefficients are 

preferred. The expression for the absorption coefficient α(λ) of InGaN can be found in various literature sources. In 

the present study, we have adopted the relationship where the absorption coefficient is given by [13] :  

                                          
                         (8) 

Where     
    

 
 represents the photon energy, and   is the wavelength,   

                                              ;                              

3)  Refractive index: It is a highly influential factor for photovoltaic applications, as it allows for an increase in 

the absorption efficiency of a solar cell to achieve higher performance. The refractive index of the           

alloy is given by [14] :   

          
   

  
 
  

      
   

  
    

   

  
                      (9) 

Where depend on the material composition and are given by : 

                               

                              

C. Electronic parameters of the material  
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One of the most important objectives in describing a semiconductor with respect to its electrical and optical 

properties is to determine both carrier concentrations and energy distributions. This requires knowledge of the 

density of available states. Consequently, the electronic properties of a material stem from its energy bandgap, Eg, 

and its carrier density.   
 

The intrinsic carrier concentration is related to the indium composition by the following relationship [15] : 

          
   

                           (10) 

Where    and    are the densities of states in the conduction and valence bands, respectively. Their expressions 

are given by the following relationships :   

                                      

                                      

                    represents the Boltzmann constant and T [K] the temperature. The effective mass of the 

carriers [kg] is expressed as follows [16] :     

 
                            

                            
        (11) 

 

Mobility is a critical material characteristic, as it reflects the ability of carriers to move within the material. 

Charge carrier mobility depends on numerous parameters such as temperature, doping levels, and carrier-carrier or 

carrier-impurity scattering. These mobility dependencies can be calculated using the analytical and empirical model 

proposed by Caughey and Thomas [17]. Thus, the electron mobility,   , and the hole mobility,   , are given by the 

following relationships :  
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      (13) 

Where T is the temperature [K],      the carrier concentration       ,          are set to 1 when experimental 

data are not available [18].                            
     are empirical parameters specific to each semiconductor. 

Their values are reported in table I.  

 
TABLE  I : PARAMETERS USED IN THE CALCULATION OF CARRIER MOBILITY AS A FUNCTION OF DOPING CONCENTRATION AND 

TEMPERATURE [19], [16]   

Carriers Parameters values 

 

Electrons  

         
              

         
                

          

  
                  

 

Holes 

         
             

         
               

          

  
                  

D. Generation rate and recombination rate 
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The operation of a solar cell is based on the generation and separation of electron-hole pairs through light 

absorption. However, recombination of these electron-hole pairs always occurs, limiting the cell's performance. 

Consequently, in a semiconductor material, a given recombination mechanism is characterized by a recombination 

rate, which represents the number of recombinations per unit of time and per unit of volume.   

The overall expression for the electron-hole pair generation rate           at a distance from the illuminated 

surface of the cell, under monochromatic illumination in steady-state conditions, is given by the following 

relationship [9] :  

                                                 (14) 

Where      represents the solar flux,      et      represent the absorption and reflection coefficients, 

respectively.   

To model the losses within the structure, we take into account Shockley-Read-Hall (SRH) recombination. Thus, 

the recombination rate can be defined as a function of the minority carrier density as follows [12], [9] : 

      
    

  
 is the electron recombination rate in the P-region              (15) 

      
    

  
 is the hole recombination rate in the N-region           (16) 

Where      is the electron concentration in the P-region and       is the hole concentration in the N-region, 

which are obtained by solving the continuity and transport equations under steady-state conditions ;    and    

represent the electron and hole lifetimes, respectively. 

The dependence of the SRH model lifetime on doping and defect density is given by the following relationship 

[20], [21] :   

     
       

  
      

      
    

                (17) 

With 

                : reference lifetimes for electrons and holes, independent of the defect density defined in 

the material. 

        : total concentration of defect and doping impurities [    ] 

       
               : constant defining the recombinant defect concentrations for electrons and holes. 

E. Photocurrent density        

The photocurrent density, or volume photocurrent density, is a vector that describes the electric current at a local 

scale, at every point within the cell. 

 

Based on the continuity equations that describe the temporal variations of charge densities (electrons, holes), we 

write, for electrons in the P-type semiconductor [22] :      

      
 

 
 
   

  
 

  

  
                 (18) 

In the case of an N-type semiconductor, the minority carriers are holes, and the continuity equation is written as 

follows : 

      
 

 
 
   

  
 

  

  
                (19) 

Where n and p are the electron and hole concentrations,    and     are the electron and hole current densities,    

and    are the electron and hole generation rates,     and     are the electron and hole recombination rates, which 

themselves have complex expressions, particularly related to the illumination level, and q is the elementary charge.  

Since we are working under steady-state conditions, these equations become : 
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The electron and hole current densities (   and    ) are obtained from the transport equations. Thus, the 

movement of charge carriers occurs either under the influence of an electric field or due to a charge carrier 

concentration gradient.   

Summing the two types of currents (drift and diffusion currents) allows us to obtain the total current density for 

electrons and holes as follows [23] :     

                 
  

  
                   (22) 

                 
  

  
                    (23) 

With E is the electric field,     and    the electron and hole mobilities, respectively,    and    represent the 

electron and hole diffusion coefficients, respectively, and are defined by the Einstein relation [24] : 

   
   

 
            (24) 

   
   

 
            (25) 

1)  Current density in the P-type quasi-neutral region: When the doping is uniform and neutral, the electric field 

becomes zero throughout these regions but is non-zero within the space charge region (SCR). The expression 

describing the phenomena in the emitter region, obtained by substituting the expressions for   ,    and   , is given 

as follows :    

               
 

  
   

   

   
                    (26) 

After solving, the general solution of this equation is the sum of the homogeneous equation solution and the 

particular solution, and is given by the following relation :  

             
 

  
          

 

  
  

           

     
   

                                (27) 

Where          represents the electron diffusion length,    and    are constants to be determined from the 

boundary conditions.   

 At the cell surface, recombination occurs with a recombination velocity    : 

  
     

  
                                            (28) 

 At the junction boundary, the excess carrier density is reduced to zero by the electric field within the 

depletion region, which is expressed as : 

                                      (29) 

   and    are determined from these two boundary conditions, which will allow us to obtain the expression for 

the electron density      in the following form :    

      
           

     
   

  
 
    
  

          
    

  
   

      
    
  

      
 

  
       

 

  
  

 
    
  

      
  

  
       

  

  
 

        

                 (30) 

The expression for the photocurrent density        is obtained from the minority carrier density     . It is 

defined by the following relation :     

            
     

  
 
  
                  (31) 

This implies that the photocurrent is expressed as follows : 

       
          

    
   

  
 
    
  

       
      

    
  

      
  

  
       

  

  
  

 
    
  

      
  

  
       

  

  
 

     
        (32)   

This current density is the emitter's contribution to the total photocurrent at a given wavelength.  
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2)  Current density in the N-type quasi-neutral region: In the N-type semiconductor, the minority carriers are 

holes. Thus, by substituting the expressions for   ,    and   , the continuity equation in this region is written as 

follows :    

   

   
 

 

  
   

 

  
                        (33) 

After solving, the general solution of this equation is the sum of the homogeneous solution and the particular 

solution, and is given by the following relation : 

             
 

  
          

 

  
  

           

     
   

            (34) 

Where          represents the hole diffusion length,    and    are constants that can be determined from 

the following boundary conditions : 

 Just as in the emitter region, at the edge of the depletion region, the excess minority carrier density is zero : 

                                 (35) 

 At the back surface of the cell, recombination occurs with a velocity   , the condition for which is as 

follows :     

   
     

  
                                           (36) 

 

By applying these boundary conditions, the hole density      in the base is written as follows :  

     

 
           

     
   

                
      

  
              

SpLpDpcoshH′Lp e  H′+sinhH′Lp+ Lpe  H′SpLpDpsinhH′Lp+coshH′Lpsinh  zj
 wLp      (37) 

The hole photocurrent       at the junction is written as follows :   

             
     

  
 
    

            (38) 

By utilizing this relation ;       is written in the following form : 
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Avec              

   
  

 
 
     

    
            (40) 

       
    

  
            (41) 

   
   

 
           (42) 

Where    represents the thermal voltage (J/C) or Volt,   the built-in potential at the junction in Volts,           

represent the doping levels in the P and N layers, respectively [    ]. 

3)   Current density in the space charge region: In the space charge region, the continuity equation for electrons 

is written as follows :  

      
 

 

     

  
 

  

  
          (43) 
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With      being the current generated in the space charge region.   

In steady-state conditions and neglecting recombination phenomena in this region, the continuity equation 

becomes : 

   
 

 

     

  
                   

    

  
       (44) 

By replacing    with its expression                and by integrating, we obtain      in the following form : 

                                       (45) 

Consequently, the total photocurrent density is given by :   

                                      (46) 

The total photocurrent density Jph is obtained by integrating the current density        over the entire range of 

the solar spectrum (      ).  

F. Characteristic Parameters of the Solar Cell  

The current-voltage (J-V) characteristic of the cell is given by the following equation [25], [12], [11] : 

                    
  

                        (47) 

Where :  

      the photo-generated current [A] 

       the diode dark current [A]  

       
  

  

    
 

  

    
  is the diode saturation current [A] 

    and    minority carrier diffusion coefficients in the P and N regions, respectively [      ] 

    and    the diffusion lengths in the P and N layers, respectively [    

    and    the doping levels in the N and P materials [    ] 

                the elementary charge of an electron 

   the voltage across the diode [V] 

                     the Boltzmann constant 

   the temperature in Kelvin   

From the (J-V) characteristic, we can easily deduce the short-circuit current density    , the open-circuit voltage 

    and the maximum power   , given respectively by :    

                        (48) 

    
   

 
   

   

  
                    (49) 

                        (50) 

Thus, the fill factor and the conversion efficiency are deduced from the following equations : 

   
  

      
 

    

      
                (51) 

  
  

    
 

     

    
 

          

   
              (52) 

With S being the cell area and E the illumination or irradiance in       . 

IV. PRELIMINARY RESULTS 

The electrical characterization of a photovoltaic cell is essential for evaluating its performance. The current-

voltage J(V) and power-voltage P(V) curves allow for the extraction of key parameters such as the open-circuit 

voltage (Voc), the short-circuit current density (Jsc) and the maximum power (Pmax). Thus, the simulation is 

performed using Matlab/Simulink software. We simulate the characteristics of a so-called 'reference' photovoltaic 

cell and an identical cell coupled with a resonant optical structure composed of thin dielectric layers. The objective 

is to compare their performances to determine the impact of this structure on the overall efficiency of the cell. 
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The current-voltage J(V) and power-voltage P(V) characteristics of the reference cell are shown in Fig. 2 and 

Fig. 3 below, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.  2 Current-voltage characteristic of the reference cell  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.  3 Power-voltage characteristic of the reference cell  

To highlight the impact of integrating the resonant structure into the conventional solar cell used as a reference, 

we simulated the J(V) and P(V) characteristics of the modified cell, presented in Fig. 4 and Fig. 5, respectively. 

These results are obtained from the optimal values of                   and of                   and 

non-optimal emitter and base thicknesses, which are respectively 195 nm and 1020 nm.   

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.  4 Current-voltage characteristic of the coupled cell  
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Fig.  5 Power-voltage characteristic of the coupled cell  

The different output parameters of these two cells are summarized in Table II below. 

 

 

 

 

 
TABLE II OUTPUT PARAMETERS OF THE REFERENCE CELL AND THE COUPLED CELL  

 Jsc (mA/cm2) Voc (V) Pmax (mW/cm2) Ƞ 

(%) 

Reference cell 32,68 0,94 26,51 26,50 

Coupled cell  39 0,946 30,7 30,7 

 

The simulated J(V) and P(V) curves show a clear improvement in the maximum extracted power for the cell with 

the multi-dielectric structure. The short-circuit current increases significantly, reflecting better photon collection in 

the spectral region optimized by the resonant structure. This leads to an increase in efficiency from 26.50% to 

30.70%. 

To further improve this efficiency, we will proceed with the optimization of the emitter and base thicknesses of 

the coupled cell.  

V. OPTIMIZATION OF THE CONVERSION EFFICIENCY 

In order to further optimize the conversion efficiency of this coupled cell, we will improve it by studying the 

influence of the thicknesses of its various layers.  

1)  Effect of the emitter thickness: The effect of varying the emitter thickness (p-layer) on the cell's performance 

is studied over a thickness range between 0,01 and 1  m. Emitter doping    and that of the base    are fixed at 

               and at                respectively, as well as the base thickness at 1020 nm. The Fig. 6, Fig. 7 

and Fig. 8 illustrate respectively the cell parameters (            ) as a function of the thickness     . 
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Fig.  6 Open-circuit voltage (Voc) as a function of emitter thickness 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.  7 Short-circuit current density (Jsc) as a function of emitter thickness 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.  8 Conversion efficiency     as a function of emitter thickness  
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The obtained results (Fig. 7 and Fig. 8) show that the short-circuit current density (Jsc) and the conversion 

efficiency (   ) first increase and then decrease with the increase of the emitter thickness. This produces the same 

behavior for the open-circuit voltage (Voc).  

On the one hand, the short-circuit current density (Jsc) increases as the emitter thickness decreases. This is 

because the distance between the Space Charge Region (SCR) and the surface where recombination occurs is 

reduced, thereby improving the carrier collection efficiency in this zone. This leads to an increase in (Jsc) up to a 

maximum value of           . This means that as the emitter becomes thinner and thinner, a large amount of 

photons across the entire spectrum (from wavelengths near the bandgap ~ 893 nm to shorter wavelengths) can be 

absorbed by the base. 

On the other hand, the collection efficiency of the Space Charge Region (SCR) is weakened when it is very close 

to the surface, where surface recombination effects occur. This reduction in collection efficiency leads to a decrease 

in the short-circuit current density (Jsc), the conversion efficiency    , and also the open-circuit voltage (Voc).  

It is observed that the efficiency     and the short-circuit current density (Jsc) reach peak values at the same 

thickness,         , corresponding to a maximum conversion efficiency of approximately 34.08%. The 

maximum value reached by the open-circuit voltage is 0.96 V.  

2)  Effect of the base thickness: In this section, we varied the base thickness from 0.3 to 4  m to observe its 

influence on the cell's performance. The other parameters, such as the emitter doping   , the base doping   , and 

the emitter thickness   , were set to the optimized values obtained from the previous studies in this work. This 

influence is illustrated in Fig. 9, 10 and 11 below.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.  9 Open-circuit voltage (Voc) as a function of base thickness 

 

 
 

 

 

 

 

 

 

 

 
 

 

Fig.  10 Short-circuit current density (Jsc) as a function of base thickness 
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Fig.  11 Conversion 

efficiency     as a function 

of base thickness  

Figs. 9, 10, and 11 illustrate respectively the variations of the open-circuit voltage      , the short-circuit current 

density      , and the efficiency     as a function of the base thickness. Based on these results, an improvement in 

the different cell parameters is observed as the base thickness increases. For the open-circuit voltage       and the 

short-circuit current density      , we obtain respectively          and             . With a base thickness of 

820 nm, a maximum conversion efficiency             is obtained and remains constant beyond this value. 

This thickness is sufficient to exploit a wide range of the solar spectrum. However, the cell's electrical parameters 

are less affected by the base thickness compared to those of the emitter.   

3)  Optimal performance of the solar cell: The optimal values obtained after the parametric study are as follows : 

 The doping concentration of the P-layer (acceptor) is                   

 The doping concentration of the N-layer (donor) is                   

The thicknesses of the acceptor and donor layers are 820 nm and 130 nm, respectively. 

Based on these results, we were able to determine the current-voltage J(V) and power-voltage P(V) 

characteristics of the optimized solar cell under illumination       (        ) and at a temperature of (  
     ). Thus, the J(V) and P(V) characteristics resulting from this simulation are shown in Fig. 12 and Fig. 13, 

respectively.  

 
 

  

 

 

 

 

 

 

 

 

 
 

Fig.  12 Current-voltage (J-V) characteristic of the optimized cell 
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Fig.  13 Power-voltage (P-V) characteristic of the optimized cell 

From these two characteristics, we determined the parameters of the optimized solar cell, which are presented in 

table III. 
TABLE  III OUTPUT PARAMETERS OF THE OPTIMIZED COUPLED SOLAR CELL 

Parameters Values 

              

         
          

          
          

            

 

4)  Comparison between the reference cell, the coupled cell, and the optimized coupled cell: To evaluate the 

performance of the model used, a comparative study was conducted between the control cell (reference), the 

coupled cell, and the optimized InGaN-based coupled cell. Figs. 14 and 15 illustrate the current-voltage J(V) and 

power-voltage P(V) characteristics of these three configurations, respectively.  
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Fig.  14 Current-voltage characteristics of the three cells  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.  15 Power-voltage characteristics of the three cells  

The analysis of these three curves highlights an improvement in the current-voltage J(V) and power-voltage P(V) 

characteristics, ranging from the control cell to the optimized coupled cell. The main photovoltaic parameters of the 

three structures are summarized in the comparative table IV below. 

 
TABLE IV OUTPUT PARAMETERS OF THE THREE CELLS 

 Jsc 

(mA/cm2) 

Voc (V) Pmax 

(mW/cm2) 

Ƞ (%) 

Reference Cell 32,68 0,94 26,51 26,50 

Coupled Cell 39 0,946 30,7 30,7 

Optimized 

Coupled Cell  

41,20 0,962 34,54 34,54 
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According to the data in table IV, it is clear that the photovoltaic performance of the optimized coupled solar cell 

surpasses those of both the standard coupled cell and the control cell. The improvement is particularly significant in 

terms of short-circuit current (Jsc) and conversion efficiency ( ). The integration of the resonant structure, 

followed by the optimization of the emitter and base thicknesses, allows for an increase in the short-circuit current 

from 32,68 mA·cm-2 to 41,20 mA·cm-2, while the efficiency increases from 26.50% to 34.54%. These gains are 

attributed to the amplification of the optical field before its interaction with the front surface of the cell, as well as 

to the optimized thicknesses of the emitter and the base. These results confirm the significance of photonic 

approaches for the optimization of next-generation solar cells. 

VI. CONCLUSION 

In this paper, we have undertaken an in-depth modeling of a single-junction solar cell based on Indium Gallium 

Nitride (InGaN), integrated into a multi-dielectric resonant structure, under multi-spectral illumination and in a 

steady-state regime. Through simulations conducted using Matlab/Simulink, we identified optimal doping and 

thickness configurations for the emitter and base layers. This optimization led to a conversion efficiency of 

34.54%, representing a significant improvement over the initial performance. 

These results underscore the promising potential of wide-bandgap materials such as InGaN for the fabrication of 

high-efficiency solar cells, particularly when integrated into advanced optical architectures like resonant structures. 

The study also highlights the critical role of the emitter thickness in the overall cell performance, providing a clear 

pathway for future optimization strategies. 
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