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ABSTRACT 

This paper presents a genetic algorithm optimization for MIS/IL solar cell 
parameters including doping concentration NA, metal work function Om, oxide thickness do„, mobile charge density Nm, fixed oxide charge density N" and the 
external back bias applied to the inversion grid V. The optimization results are 
compared with theoretical optimization and shows that the genetic algorithm can be 
used for determining the optimum parameters of the cell. 
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1. INTRODUCTION 

Aluminum/thin SiOx/P-Si structure with an induced inversion layer MIS/IL has 
been studied [1-4]. Its distinctive features are formed by shallow n-p junctions of 
about 0.1 um thickness arising under the influence of a positive fixed charge in the 
insulating layer. However, practical achievement of high efficiency of MIS/IL solar 
cells was complicated by the presence of significant loss of generated power in the 
high-resistance inversion layer (IL). Some authors [5-7] have reduced the IL specific 
resistance by an increased of the built-in charge density and this made the MIS/IL 
technology complex and increase the cost of the MIS/IL solar cell. Several different 
improved methods were proposed. Among them Ref.[8], Built-in positive charge in 
the insulating layer was used for improving the conductivity of inversion layer of the 
underlying semiconductor surface. In addition, the difference of work functions 
between the semiconductor and the thin metal strips of the inversion grid was used. 
The inversion metal grid with a low work function was formed on top of an insulating 
layer of tunneling thickness between the strips of the collecting grid as shown in 
Fig.1. The aim of the work is to optimize the silicon MIS/IL solar cell parameters. The 
MIS model is based on the use of internal factors such as built-in charge including 
fixed oxide charge, mobile charge, interface trapped charge, doping concentration, 
oxide thickness and metal work function. External parameters will be included 
namely, external back bias on the inversion grid [9]. 

2. MODELLING OF MIS/IL SOLAR CELLS  

The electronic energy band diagram of MIS/IL is shown in Fig.2. The dependence of 
of surface potential if, on the value of external back bias V of the inversion grid is 
calculated from the equation of charge neutrality [9], 
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npo, pop are the equilibrium densities of electrons and holes respectively, 0=q/kT, 
is the thickness of the interfacial layer, Ot  is the interface traps density (states/cm2- 
eV), V is the external back bias applied to the inversion grid, is the metal work 
function, xs  is the electron affinity of the semiconductor and E9  is the energy gap of 
the semiconductor. 
The potential barrier height of the MIS/IL structure (1)13p is the sum of the band bending 
and the value of Fermi level Vp  in the bulk as shown in Fig.2. 
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Where Nv  is the effective density of states in the valence band. Therefore, the back 
bias increase the value of (hbp. The potential barrier height is related to the saturation 
current density Js  of the MIS/IL structure by[1 0], 

qat,,) 
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Where A-  is the effective Richardson constant and qdrr is an average barrier height in 
the insulating layer with thickness d. The dependence of x on the potential 'I' [7] is 
given by, 
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The thickness t of the IL by calculating of the cross point of T(x) with the Fermi level. 
The value of Wb is taken as the lower bound of the integral in the equation (4), so we 
get, 

1 
\ z  t 	g,   )2 1( filif  r po e fly dvz  

2k73 (6) 

The MIS/IL solar cell photocurrent can be represented as the sum of the electron and 
hole currents, generated by the light flux F in the field of the base and induced IL [9] 
and is given by, 
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h_  
D p  

vn  and v, are are the inverse to the diffusion length of electrons and holes, S is the 
surface recombination velocity on the frontal surface of the solar cell, Dp  is the hole 
diffusion coefficient, R takes into account the part of the photon flux reflected from the 
surface of the substrate with thickness I and a is the optical absorption coefficient. 
The MIS/IL solar cell parameters will optimized by maximizing the efficiency using 
genetic algorithm given that [11], 

 

I xV xFF (8)  
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Vm and Im are the voltage and current corresponding to the maximum power, 
respectively, FF is the fill factor and Pin  is the power of the light for the AMO spectrum 
(135.3 mW/cm2). 

3- OPTIMIZATION PROCESS 

Genetic algorithm has been used to optimize the MIS/IL solar cell parameters by 
changing the device physical parameters namely, doping concentration NA, oxide 
thickness d", metal work function 	external back bias on the inversion grid V, 
mobile charge density N,„ and fixed oxide charge density Nf [12]. Binary encoding 
scheme is used in this algorithm to encode the MIS/IL solar cell parameter [13-14]. 
The chromosome contains all parameters as shown in Fig.3. Each gene parameter 
encoded as 4-bit to include sixteen quantized values, as shown in Fig.4, and eight 
populations are selected to be greater than the number of genes per chromosome. 
Elitism is used to save the best solutions to improve the performance of the genetic 
algorithm [14]. 

The algorithm is started with a set of solutions (represented by chromosomes) 
called population. Solutions from one population are used to form a new population. 
This is motivated by a hope, that the new population will be better than the old one. 
Solutions which are selected to form new solutions (offspring) are selected according 
to their fitness. The more suitable they are the more chances they have to be 
reproduced. This is repeated until some conditions (for example number of 
populations or improvement of the best solution) is satisfied. The genetic algorithm 
proceed as follows, [13] 
(1) Create a population of random individuals which represents a possible solution to 

the problem at hand. 
(2) Evaluate each individual fitness i.e. its ability to solve the specified problems. 
(3) Select individual population members to be parents. 
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(4) Produce children by recombining parents material via crossover and mutation 
and add them to the population. 

(5) Evaluate the children fitness. 
(6) Repeat steps (3-5) until a solution with the desired fitness goal is obtained (15-161. 
The genetic algorithm flow chart of the optimization problem is shown in Fig.5. 

Optimization results: 

The optimization process proceeds to obtain the maximum efficiency of the 
MIS/IL solar cell by optimizing the cell parameters. The optimization process depends 
on the number of iterations needed to achieve the maximum efficiency of the cell. 
After 40 iterations (Fig.6), the efficiency reaches a maximum steady state value of 
22.95 %. Table 1. shows the parameters required to achieve the this efficiency 
(data(1)). The table also includes the results of the optimization process by using 
aluminum as a contact metal (.„, = 4.1). In this case, only five parameters are used 
for optimization (data(2)) The results of the optimization process when using 
aluminum as metal contact and with no external back bias (V=0) (is shown in data 
(3)). 
The optimization results are compared with a theoretical optimization based on an 
analysis of structure parameters [7]. The comparison has shown good agreement of 
the genetic algorithm optimization with the other mentioned method as shown in 
Table 2. 
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Collecting grid 

Fig.1. Schematic diagram of MIS/IL solar cell structure 

Insulator 

Fig.2. Energy band diagram of MIS/IL Solar cell 
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Fig.5. The flow chart of the genetic algorithm for MIS/IL solar cells 
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40 

Fig.6. The optimization process during 40 iterations. 

Table 1. Parameters required to achieve the optimum efficiency 

Optimization 

results 

NA 

(cm') 

(11. 

(eV ) 

dm. 

(A°) 

N., 

(cm') 

Nf 

(cm') 

V 

(V) 

Optimum 

efficiency (%) 

Encoded data (1) 0110 0100 0011 1111 0100 1110 

22.95 
Decoded data (1) 3x101 6  3.4 20 5x10"  3x10"  0.7 

Encoded data (2) 0110 I 1011 0011 1111 1010 1111 
22.5 

Decoded data (2) 3x10'•  r ii 20 

_ 

5x10"  

.._._ 
5x10"  0.75 

Encoded data (3) 0110 1011 0011 1111 0100 0000 
21.95 

Decoded data (3) 3x101' 4.1 20 5x10"  5x10"  0 

Table 2. The comparison between three optimization process 

The model . Present model . ' . Theoretical model 

[7] 
_,. 

Method used Genetic algorithm. Analysis of structural 

parameters 

V„ [mV] 735 715 

1„ fmAlcmi 46.1 42 

Wt [mV] 1060. 1050 

FF [v.] 82 81 

Efficiency [v.] . 	2295 20.5 
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