
 

 
Abstract—In this paper, a new multiobjective genetic 

algorithm (MOGA)-based approach is proposed to optimize the 
metal grid design in order improve the electrical performance 
and the conversion efficiency behavior of the solar cells under 
high intensities of illumination. The proposed approach is applied 
to investigate the effect of the metal grid patterns, with a circular 
busbar surrounding the active area (circular grid), on the 
electrical performance of high efficiency c-Si solar cells under 
concentrated light (up to 200 suns). The dimensional and 
electrical parameters of the solar cell have been ascertained, and 
analytical expressions of the power losses and conversion 
efficiency, including high illumination effects, have been 
presented. The presented analytical models are used to formulate 
different objective functions, which are the prerequisite of the 
multiobjective optimization. The optimized design can also be 
incorporated into photovoltaic circuit simulator to study and 
show the impact of our approach on the photovoltaic circuit 
design. 
 

Index Terms—cell, multiobjective, optimization, metal grid, 
efficiency, power losses. 

I. INTRODUCTION 

HE strong demand for alternatives to fossil fuel based 
energy sources and growing environmental concerns have 

increased interest in solar cells as a long-term, exhaustless, 
environmentally friendly and reliable energy technology [1-4]. 
Continuous efforts to develop new materials and modeling 
techniques for solar cells are being made in order to produce 
new photovoltaic devices with improved electrical 
performances. In addition to the new semi conducting 
materials, solar cells consist of a top metallic grid or other 
electrical contact to collect electrons from the semiconductor 
and transfer them to the external load. In a solar cell operating 
under the normal conditions, even a small deviation from the 
optimum power condition can cause a loss of conversion 
efficiency [1].  
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In addition, the enhancement of a solar cell’s conversion 
efficiency not only depends on materials and device structure; 
it is also very important to optimize the front metal grid 
design. The losses associated with the grid directly influence 
the conversion efficiency of solar cells. This effect is even 
more pronounced at high intensities of illumination. 
Maximum power can be extracted from a solar cell only when 
it is operating with optimum design parameters. In order to 
minimize the solar cell power losses and maximize the 
conversion efficiency, new design approaches are required to 
enhance the reliability and electrical performance of the 
devices for photovoltaic applications. Numerous authors have 
modeled and studied the impact of power losses effect on the 
solar cell electrical behavior [1], [5-8]. In addition, until now, 
there are no studies to investigate the global electrical 
performance optimization of the metal grid design by using a 
global evolutionary-based optimization technique. One 
preferable approach is the multiobjective-based optimization, 
which could provide practical solutions for the photovoltaic 
circuit design. The first step of our approach consists of an 
accurate analytical presentation of different loss mechanisms 
including solar illumination. The different analytical models 
can be used in our study as objective functions. 

In this paper, we present the applicability of the 
multiobjective genetic algorithm optimization (MOGA) 
approach to optimize the front metal grid design for 
photovoltaic applications. The key idea of this approach is to 
find out the best dimensions and electrical parameters of the 
metal grid to facilitate and improve the device design strategy. 
Design optimization, which is adopted in this work, is the 
process of finding the maximum/minimum of the power losses 
and conversion efficiency called the objective functions and 
must also satisfy a certain set of specified requirements within 
constraints [9], [10]. In this paper, we present an alternative 
approach based on MOGAs, where the designer can specify 
several objective functions simultaneously. The main 
advantages of this approach are its simplicity of 
implementation and provision of several possible solutions to 
the designer to choose the best device front metal grid design. 

II. MOGAS-BASED COMPUTATION 

We have investigated a top contact grid structures with a 
circular busbars surrounding the active area (circular grid 
pattern, Fig. 1). For this geometry, the fingers are considered 
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uniform and equally spaced.  

An evolutionary-based optimization technique has been 
defined as finding a vector of decision variables satisfying 
constraints to give acceptable values to all objective functions, 
[9],[10]. The MOGAs differ from most of all optimization 
techniques because of their global searching carried out by 
one population of solutions rather than from one single 
solution. Due to the simple mechanism and high performance 
provided by MOGAs for multiobjective global optimization, 
MOGAs can be applied to study and improve the solar cell 
design strategy. 

An optimum grid metal design minimizes the combined 
effect of the four loss mechanisms directly associated with the 
front metal grid design: (1) shadowing loss due to grid 
reflection; (2) grid-metal resistance; (3) contact resistance 
between the metal and the semiconductor; (4) emitting layer 
resistance. Other loss mechanisms in the solar cell typically 
have little or no dependence on the pattern selected for the 
metal grid, and therefore, are not included into the analysis 
[6,7].  

In the front metal grid, the power losses caused by each 
mechanism for the investigated structure, including the 
illumination levels, of the series resistance (Eqs.1), contact 
resistance (Eqs.2)), metal resistance (Eqs.3) and by the 
shadowing (Eqs.4) can be calculated using the fowling 
analytical expressions [1,6,7,11] for both designs as 
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The global loss for the design is given by: 


4
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where 1P  represents the loss due to the lateral current flow 

in the top diffused layer, 2P is the loss due to the series 

resistance of the metal lines, 3P  is the loss due to the contact 

resistance between these lines and the semiconductor, 4P  is 

the loss due to the grid shadowing. GL  represents the global 
loss caused by four mechanisms simultaneously, FW is the 

finger width, t represents the finger thickness, m represents 

the metal resistivity, s is the sheet resistance of emitter layer, 

c  is the contact resistance; FL represents the finger length, 

  is half-angle formed between two consecutive fingers. 
)(CJ mp  and )(CVmp   represent the optimum current density 

and voltage under solar illumination, respectively, given by: 
)1()( mpmp CJCJ   and )ln()1()( CVVCV tmpmp  , with 

)1(mpJ  and )1(mpV  are the optimum current density and 

voltage at 1 Sun,  respectively, C is the concentrator factor, 

tV represents the thermal voltage.  

The variables which play a role in determining the loss 
components include cell parameters which are established by 
the fabrication process, parameters which describe the grid 
design and values which depend on the illumination profile. 
The grid pattern is described by: FW , t,   , m , s , c  and 

FL . The values which depend on the illumination profile are: 

)(CJ mp  and )(CVmp . Our study is focused to optimize the 

metal grid design for the circular grid pattern.  
For the purpose of MOGA-based optimization of the 

electrical performance of the solar cells, routines and 
programs for MOGAs computation were developed using 
MATLAB 7.2, and all simulations are carried out on a 
Pentium IV 3-GHz 1-GB-RAM computer. For the 
implementation of the MOGAs, tournament selection, which 
selects each parent by choosing individuals at random, is 
employed and then choosing the best individual out of that set 
to be a parent. Scattered crossover creates a random binary 
vector. An optimization process was performed for a 
population size of 100 and a maximum number of generations 
equal to 500, for which the stabilization of the fitness function 
was obtained for the circular structure. Four objective 
functions are considered in this study (power losses). Thus, 
the obtained design can provide the best electrical 
performance by satisfying the following objective functions:  

 

Bus‐bar 

Finger  

  

 LF/2 

 
 

Fig. 1. The investigated front metal grid designs: circular grid pattern. 
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Minimization of global loss function GL as,   
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where iw and iP   represent the weight function and the power 

loss associated with each mechanism, respectively.  
The input normalized electrical and dimensional variables 

vector, which will be optimized using our approach, is given 
as ),,,,,,( csmFF LtWX  , where n represents the 

number of fingers. 
The constraints to be satisfied are:  
- ],[:)( maxmin1 ii xxxxg  , Xxi   (each design variable is 

confined within a given range). It is to note that the design 
variables are selected by satisfying the experimental results 
provided by the literature [5-7].  

- tWxg F :)(2 . 

- tLxg F :)(4 . 

If low power loss due to grid reflection, grid-metal 
resistance, contact resistance between the metal and the 
semiconductor and emitting layer resistance is the required 
parameter by the device designer, the four loss mechanisms 
are equally important. Hence, iw  (i = 1−4) can be assigned 

equal values as 0.25. Given the clearly defined problem to be 
solved and a bit string and the candidate solutions, the adopted 
MOGA works as follows [9], [10]: 

- Calculate the overall objective function of each of the 
chromosomes “X” in the population. 

- Create “N” offsprings from the current population using 
the three MOGA operators, i.e., selection, crossover, and 
mutation.   

- Replace the current population with the updated 
population. 

- Repeat the preceding steps until the termination criteria 
are reached.                                         

III. RESULTS AND DISCUSSIONS 

The MOGA parameters were varied, and the associated 
optimization error was recorded. For the optimized 
configuration, the overall objective function was 5.65×10-3, 
and almost 100% of the submitted cases were learned 
correctly. 

Fig. 2 shows the variation of overall objective function as a 
function of the generation number, where the minimum 
objective functions can be reached for 5000 iterations for the 
circular grid pattern. 

The steady decrease in the global losses function of the best 
solution in each generation (until it reaches a best possible 
value) can be attributed to the selection procedure used, i.e., a 
tournament wheel selection. The final optimized metal grid 
design parameters are summarized in Table I. The developed 
MOGA-based approach can be used as the interface between 
device modeling and photovoltaic circuit simulator such as 
PC1D in order to optimize the electrical photovoltaic circuit 
performance under illumination conditions.  

 
Fig. 3 shows the variation of the power losses as function of 

illumination levels; it is clearly shown that under 
concentrating light, the circular grid pattern with optimization 
has less power losses compared to the another design without 
optimization. For low illumination levels the difference is 
important but it decreases with the illumination level. 
Although the power losses of a grid pattern increase with 
metal finger resistivity, as expected, the circular grid pattern is 
less sensitive to this variation. This means that the circular 
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Fig. 2.  Variations of normalized overall objective function with generations.

TABLE I 
OPTIMIZED METAL GRID DESIGN PARAMETERS OF CIRCULAR PATTERN 

Symbol 
 

Quantity 
 

Optimized 
design 
 

Design without 
optimization  
 

FW  Finger width Gate 10µm 100µm 

t Finger thickness 2.5 µm 20 µm 

   Half-angle 0.1 rad 0.1 rad 

m   Metal resistivity 1×10-6 /   3×10-6 /   

s  Sheet resistance 10 /   50 /   

c  Contact resistance 5×10-5 cm.  1×10-5 cm.  

FL   Finger length 1cm 1cm 

GL (1sun) 
 (1sun) 

Global Loss  
Efficiency 

2. 67 % 
27.14 % 

22. 09% 
21.73% 

 

0 50 100 150 200
0

10

20

30

40

50

60

70

80

 

 Circular grid without optimization
 Circular grid with optimization

Insolation level [No. of suns]

P
o

w
er

 lo
ss

es
 [

%
]

 
Fig. 3.  The calculated power losses at different illumination levels the 

circular grid pattern. 
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grid design is preferable with the increment of the illumination 
level. In addition, it is observed that a reduction in the power 
losses can be obtained by introducing our MOGAs-based 
approach to design of the front metal grid.  

The conversion efficiency for illuminated solar cell is given 
[6, 12] by: 

))(1(
1.0

)()(
)( CGL

C

CVCJ
C

mpmp         (7) 

where )(C  represents the conversion efficiency including 

front grid losses. 
In Fig. 4 we show the power conversion efficiency under 

illumination concentration levels for the investigated structure 
designed with the circular grid pattern. It is also clearly shown 
that the power conversion efficiency is greatly improved for 
the optimized design, which makes the proposed approach a 
powerful tool for photovoltaic design applications. 

 

IV. CONCLUSION 

In this paper, a new MOGA-based design approach to study 
and optimize the electrical performance of solar cells for 
photovoltaic applications has been proposed. The application 
of MOGAs in this work is aimed at the maximization of 
electrical performance of the solar cells under illumination 
conditions, and the developed approach has successfully 
searched the minimum possible ultimate power losses, caused 
by the front metal grid metal design, and the input design 
parameters that can yield those specific performances. In 
experiment, the optimized input design parameters could be 
obtained. The proposed MOGA-based design approach does 
not only benefit the modeling and optimization of solar cells 
but can also be extended for other real-world applications. 
The similar methodology can be extended to study the large 
photovoltaic panels, in which several solar cells should be 
associated in series or in parallel. 
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Fig. 4.  Power conversion efficiency at different illumination levels for the 

linear and the circular grid pattern. 
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