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In this paper, a genetic algorithm-based approach is proposed to extract and optimize the design pa-

rameters of the intermediate band solar cell (IBSC) in order to improve the electrical performance and the 

conversion efficiency behavior of the device. The proposed approach is applied to investigate the effect of 

the energy level (Ei) intermediate band (IB) and electronic states density (Ni) influence on cell efficiency. 

The presented analytical models are used as objective functions, which are required for our optimization 

approach. The obtained results are compared with analytical results found in literature indicating the ap-

plicability of the genetic algorithm technique to study the electrical behavior of the IBSC design. Therefore, 

this approach will be extended to alternative solar cell for motivating experimental efforts to realize these 

promising photovoltaic devices. 
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1. INTRODUCTION 
 

The possibility for increasing the efficiency of photo-

voltaic solar cells via sequential absorption of photons in 

a single material has a relatively long history [1]. The 

concept of multiband or intermediate band solar cell 

(IBSC) identify the three possible photon absorption 

mechanisms [2-4]. Several approaches have been pro-

posed to practically realize an IBSC, including quantum 

dots, impurity doping and dilute semiconductor alloys 

[5]. Theoretically it is possible to go beyond the Shock-

ley-Queisser efficiency limit with IB materials. An ex-

ample of the bulk IB materials is oxygen doped ZnTe 

(ZnTe:O) [6-8]. 

The intermediate band solar cell (IBSC)-based de-

sign is used to provide a better performances compared 

with those of single gap solar cells  by using  the energy 

of sub-band-gap energy photons [9, 10], characterized by 

the existence of an intermediate band (IB) located in the 

forbidden gap between the conduction and valence  

bands (CB and VB), respectively [9]. This IB should be 

half-filled with electrons (metallic) in order to provide 

both empty states to receive electrons from the VB as well 

as electrons to supply to the CB [10]. Therefore, the in-

termediate band is responsible for the simultaneous ab-

sorption of two below band-gap energy photons which 

demonstrated a significant improvement in photocurrent 

and efficiency in the solar cell. In other hand, photons 

with less energy than the one necessary to pump an elec-

tron from the VB to the CB can be absorbed by transitions 

that pump an electron from the VB to the IB were also 

capable of pumping electrons from the IB to the CB. Thus, 

a full VB → CB electron transition (also called electron-

hole pair generation) can be completed by means of two 

photons of energy below the band-gap [11-13]. 

In this context, the main objective of this work is to 

propose an approach based on Genetic Algorithms for 

maximizing the photovoltaic conversion of the IBSC-

based design. The genetic algorithm-based approach is 

used for optimizing the geometrical and physical pa-

rameters of the device design in order to improve elec-

trical behavior and show the effect of the energy posi-

tion for IB on the cell performances. The results ob-

tained are compared to analytical ones found in litera-

ture makes our approach an alternative solution to the 

designer to choose the best device design for high-cell 

performances. 
 

2. MODELING METHODOLOGY  
 

Genetic algorithms are biological process search by 

population, impelled by Darwin’s theories of evolution 

and also the conception of ‘survival of the fittest’. Genet-

ic Algorithms use processes analogous to genetic recom-

bination and mutation to market the evolution of a 

population that best satisfies a predefined goal [14]. 

Given a large collection of potential solutions to the 

given problem and by evaluating how well each solution 

solves the problem, genetic operators (mutation, crosso-

ver) are applied to create a new generation of solutions. 

In our study the baseline photocurrent density of the 

structure ZnTeO based IBSC for optical transitions from 

the valence band to the conduction band, The schematic 

structure of ZnTe-based IBSCS is presented in Fig. 1. 

Material parameters for ZnTe are chosen in this analy-

sis as a prototypical material for IBSC due to recent 

interest in oxygen-doped ZnTe as an active region for 

IBSC devices.  
 

 
 

Fig. 1 – Intermediate band solar cells structure 
 

Implementation of GA needs the determination of 

six elementary issues: chromosome representation 
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(population), genetic operators (mutation, crossover), 

initialization, selection function, termination and evalu-

ation function (fitness function). Therefore, the flow 

diagram of genetic algorithm is presented in Fig. 2 

[15, 16]. 

The baseline photocurrent density due to valence 

band VB to conduction band  CB  optical transitions for 

this device structure may be expressed as 
 

  0 1 1 , /ph LJ J D exp D      (1) 
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where JL0 is the photocurrent density at large reverse 

bias, W is the width of the absorber τn,tot and τp,tot are the 

total recombination lifetime values for electrons and 

holes, n and p are the mobility of electrons and the 

mobility of holes, respectively. F represents the electric 

field. is given by [12, 19] 

The photon carrier generation rates and absorption 

coefficients of different transitions as a function of ener-

gy are expressed follows : 
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Furthermore, with supposed the net recombination 

lifetime and optical absorption coefficients are linear 

relationships depending on the cross sections for optical 

absorption (σopt,n and σopt,p) and the electronic states 

density of IB (Ni) [20]: 
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where Cp is the capture coefficient, f represents filling of 

intermediate band. 

The Ili Indicates solar spectrum as a function of en-

ergy is given by [20]: 
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where X is  concentration of the solar, fs  1/46050 is the 

solid angle under the sun, Ts  5963 K is the sun tem-

perature, K refers to the Boltzmann constant, C is the 

speed of light and h is the Planck constant.  

The total current density in this structure are the 

sum of dark and photocurrent current density due to 

VB, CB and IB radiative transitions. 
 

  ; ,D ph ph IBJ J J J    (9) 

 

where JD represents the dark current density. As a 

function of the densities of the following currents such 

as the diffusion current Jdiff, the radiative current den-

sity (Jr,CV), current density due to the intermediate band 

of radiative recombination is (Jr,CI) and the current 

density of non radiative recombination Jnr. are given by 

the following expressions[23]: 
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where Va is the applied bias refers to the bias voltage, 

Wn and Wp are the widths of the n and p-type, respec-

tively.  NA and ND are the acceptor and donor concentra-

tion, respectively. ni represents the intrinsic carrier 

concentration, Dn and Dp are the electron and hole dif-

fusion coefficients, respectively,  is a value between 0 

and 1 under dark conditions,   10.  

The power conversion efficiency of the solar cell is 

calculated as: 
 

 max  FF. .
,sc oc

s s

P J V
η

P P
   (15) 

 

where Jsc is the short circuit current density, Voc is the 

open circuit voltage, FF is the fill factor, Ps is the inci-

dent power. Pmax the maximum power from the solar 

cell. 

 

3. GA-BASED OPTIMIZATION 
 

In this work, the optimization process is based on ge-

netic algorithm in order to solve complex problems by 

exploring all regions of state space and using different 

genetic operators such as: selection, crossover and muta-

tion, which will be applied to individuals in populations 

[27]. In this context, we consider an initial population size 

of 100 individuals where each of them contains a set of 

four parameters which are NA  ND, αIC0  αVI0, W et τtot.  

Considering previous analytical model [12], these pa-

rameters are confined within a given range shown by the 

following Table. 1. 

A tournament selection is employed which selects 

each parent by choosing individuals at random, and then 

choosing the best individual out of that set to be a par-

ent. Scattered crossover creates a random binary vector. 

A maximum number of generations equal to 300, for 

which stabilization of the fitness function was obtained. 
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Table 1 – Description of the special paragraph styles 
 

Parameters Values 

NA  ND 1014 to 1021 cm – 3 

αIC0  αVI0 100  to 104 cm – 1 

W 100 nm to 10 um 

τtot 1 to 100 us 
 

The flowchart of our proposed GA-based approach to 

find the appropriate optimal parameters is shown in 

Fig. 2. 
 

 
 

Fig. 2 – Flowchart of our GA-based approach 

 

4. RESULTS AND DISCUSSION 
 

In this work, we propose an approach based on GA 

computation to optimize the electrical behaviour of the 

IBSC-based design. In order to minimize equation (15), 

routines from GA toolbox in MATLAB 7.2 are used. 

Therefore, various configuration parameters for optimi-

zation mentioned above are also used. Table 2 summa-

rizes the optimized IBSC design parameters. It is clearly 

shown that an improvement in the conversion efficiency  
 

Table 2 – Comparison between analytical [12] and optimized 

results of IBSC design for various electrical and photovoltaic 

parameters 
 

Parameters Analytical 

results [12] 

Optimized 

IBSC design 

NA[cm – 3] 1019 1.72  1020 

ND[cm – 3] 2  1018 1.72  1020 

αIC0[cm – 1] 104 9.65  103 

αVI0[cm – 1] 104 9.65  103 

τtot[us] 1 9.72 

W[um] 1 1.5 

Jsc(mA/cm2) 17.22 17.71 

Voc(V) 1.825 1.825 

FF 0.922 0.923 

η(%) 28.96 29.877 

of the optimized IBSC design has been found in compari-

son with the analytical model of the same structure [12]. 

Fig. 3 shows the calculated current-voltage charac-

teristics of the analytical model presented in literature 

[12] and our optimized approach. Good agreement be-

tween the optimized model results and analytical model 

ones found in literature is obtained. It is noticed that the 

optimized IBSC design demonstrates a better electrical 

behavior. This improvement can be explained by the 

applicability of GA technique to study the IBSC perfor-

mances. 
 

 
 

Fig. 3 – Calculated I-V characteristics of the IBSC design 
 

The variation of current-voltage characteristics of the 

IBSC-based design of the analytical and GA results with 

different absorption coefficients are shown in Fig 4. It is 

observed that the short circuit current density Jsc in-

creases with increased of IC0 and VI0. However, the 

open circuit voltage Voc does not change with the varia-

tion of IC0 and VI0. The increase in Jsc over the baseline 

cell (the case of IC0  VI0  0) is explained by the sub 

band gap photon absorption. 
 

 
 

Fig. 4 – Variation of I-V characteristics of the IBSC design 

with different absorption coefficients 
 

The effect of the energy level (Ei) on the performance 

of the solar cell is illustrated in Fig. 5. It is noticed that 

the increasing in the energy position (IB) from 0.4 to 

0.6 eV, the efficiency increases slightly from 14.91 % to its  
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Fig. 5 – Variation of efficiency versus the energy level (Ei) 
 

maximum value 28.97 % and will be stabilized even as 

the energy position increases. 

Fig. 6 shows a comparison between a calculated effi-

ciency using GA-based approach and analytical results 

as function as the electronic states density (Ni) of the 

IBSC design. It is observed that a better efficiency can be 

found when the electronic states density increases from 

1015 cm – 3 to 1018 cm – 3. However, it degrades gradually 

when electronic states density continues to increase. 

This is can be explained by the impact of the electronic 

states density on the optical absorption and the recom-

bination process properties. 

Therefore a quantitative understanding of these re-

lationships is necessary for a specific IBSC model. Fur-

thermore, the effect of Ni on the IBSC performance can 

be determined by using the capture coefficient and 

cross sections as described in equations (5, 7). For this 

study we have proposed the values of 10 – 13 cm3s – 1 and 

10 – 16 cm2 for the capture coefficient and the cross sec-

tions, respectively. 

 
 

Fig. 6 – Variation of the efficiency versus the electronic states 

density Ni 

 

5. CONCLUSION 
 

This work focused particularly on the study of IBSC 

design. In this context, an approach based on genetic 

algorithms has been developed in order to increase the 

photovoltaic conversion of device. The influence of vari-

ous parameters on the conversion efficiency has been 

illustrated in order to predict desirable characteristics 

before elaborating them. Therefore, the proposed struc-

ture is based on optimization of physical and geometrical 

parameters which directly affect the electrical behavior 

to improve the performances of IBSC design. It has been 

found that a significant improvement is evidenced by our 

GA-based approach compared to analytical results 

providing an alternative structure to designer for future 

applications.  
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