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Abstract

The design of top contact grids of solar cells there is a trade-off
between shadowing loss and electrical power loss in semiconductor. Power generated
in solar cell can be maximized by sufficient coverage of the grid. Genetic algorithms
were employed to minimize the total losses. We tested a number of different genetic
algorithm parameters and operators. Experiment with 50 population size shows that
the appropriate crossover and mutation probabilities are 0.4 and 0.01, respectively and
2D n-point crossover operators performed better than 1D n-point crossover. The
genetic algorithms with the appropriate condition produce a general contact pattern
that has the efficiency better than an optimized conventional pattern with the same
size of metal width.

Keywords: Genetic Algorithm; Top Contact Patterns; Solar Cell

1. Introduction

Minimization of the losses caused by front-contact in a solar cell, i.e.
shadowing loss and electrical power losses is one of the main contributions for its
optimization. The electrical losses itself are actually made up of several components
such as contact resistance power loss, metal grid resistance power loss and upper
semiconductor resistance power loss. However, the emitter, at the top of the
semiconductor, resistance is a function of its resistivity, thickness, and the geometry
of the contact grid. As optimum cell performance requires a minimum of shading by
the grid, a compromise must be reached between the opacity of the grid and its current
collection efficiency.

Many published papers consider the minimum total loss for a particular
geometry such as conventional contact pattern that is comprised of fingers and
bus bars contact grid (Burgers and Eikelboom, 1997), (Cuevas, et al., 1990),
(Ganggopadyay, et al,.2002), multi-layer contact grid (Flat and Milnes, 1979) and
edge frame contact grid (Konig and Ebest, 2003). Although there is a research which
can simulate the general geometries by consider the effect of the variation in emitter
potential on the local current collection (Burgers, et al., 1993). How ever, this does
not calculate the actual general geometries of contact pattern.

In this paper, we propose a novel technique based on genetic algorithm
for designing general geometries contact grid. A current collection by top contact in
silicon solar cell model (Burgers, et al., 1993), (Wyeth, 1977) is considered as a
fitness function.
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2. A Current Collection Model
Important quantities in a current collection model are the potential of
the emitter V,(x,y) and the potential of the metal covering the solar cell V_(x,y).

To simplify the model, the distribution of V,, will be neglected. A calculation of V, is

presented here with the following assumptions:
1. At a point (x,y) current is collected under influence of illumination as a
function of the emitter potential according to a local 2-diode model.

Vv Vv Vv
‘]e (Ve) = ‘]01 (exp[fJ_lJ—i_ ‘JOZ (exp(Z\;bJ_lj—i—R_Z_ ‘]sc (1)

It is assumed that the dark currents J,,and J,, are constant across the

. kT . :
solar cell surface. V, ,i.e. —, is the Boltzmann voltage, while V,,R and J_ are the
q

potential of emitter, the shunt resistivity and the short circuit current density,
respectively.

2. The thickness of the emitter (t) is very much smaller than the lateral
dimensions of the cell. Thus current flow in the emitter layer is assumed as shown in
Figure 1 (Wyeth, 1977).

Emitter Metal Grid

|
s

Figure 1(a) Schematic diagram of the actual current flow in the emitter layer.

~+

&5

Emitter
l Metal Grid \A
— > >

Figure 1(b) Schematic diagram of the assumed current flow in the emitter layer.
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3. The resistance of metal grid (o, ) is much less than the sheet resistance of
the emitter layer (o, ). Hence, we can assume thatthe metal grid potential (V,))is
equal to the external load potential (V).

VLoad =Vm (2)
4. The current flow in the emitter layer is Ohmic.
The potential distribution in emitter can be described by a Poisson

equation which is derived from the previous assumptions and the sheet resistance
(P, ) is assumed as constant across the cell thus we have:

VAV, (X Y) = =P e (Vo) ©)

For the emitter potential, two boundary conditions are applied. At the
metal grid the potential is fixed at V., and current cannot flow across the boundary

of the solar cell.

Loa

Vm :VLoad (4)
oV
£ =0 5
p ()
y
I, j+1
A .
h i-1, | i,j | i+Lj
Y L L L
o —
i, -1
3 X

h

Figure 2 Rectangular arrays of grid points which represent the emitter layer.

We consider only rectangular cells since they are commonly used and
they can be closely packed on a solar cell panel. The continuous equation in (3) has to
be discretised as a network of resistors with current sources at the nodes so a
rectangular array of grid points in Figure 2 is used. A finite difference method on a
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rectangular grid is employed to discretise the Poisson equation thus we obtain the
emitter potential at each grid point:

1
Vij :Z(thi,j‘]i,j(Vi,j)+vi+l,j +Viyj +Vi,j+1+vi,j—1) (6)

L]

Every grid point on emitter is considered, leading to systems of
non-linear equations. These can be solved by Newton iterations. Hence, the emitter
distributed potential was found. Also the total collected current |, can be computed.

out

| out :ZJi,j(Vi,j)'hz (7
ij

Variation in emitter profiles and bulk diffusion lengths is reflected in
the emitter sheet resistance, the dark current densities J, and J,, and the short circuit

current density J_, .

3. Genetic algorithms

3.1 Principle

The Genetic Algorithms (GAs) are searching process based on the laws
of nature selection and genetics (Coley, 1999). GAs are typically black-box methods
that use fitness information. They do not require gradient information or other internal
knowledge of the problem. GAs are population-based search techniques that maintain
populations of potential solutions during searches.

In order to apply a genetic algorithm to a given problem, solutions of
this problem must first be encoded as chromosomes (typically, bit strings). The
population is composed of a group of chromosomes from which candidates can be
selected for the solution of the problem. Each chromosome is made up of a number of
subcomponents called genes. In order to evaluate each potential solution, GAs need
an objective function that assigns a fitness value to a particular solution. A particular
group of chromosomes is selected from the population to generate offspring by the
defined genetic operations. The fitness of the offspring is evaluated in a similar
fashion to their parents. The chromosomes in the current population are then replaced
by their offspring.

A simple GAs usually consists of three operations: selection or
reproduction, genetic operations and replacement (Coley, 1999).

- Selection. Methods of selecting individuals for reproduction are numerous
and include roulette wheel sampling, stochastic universal sampling, elitism etc.

- Crossover. There are a number of variations of crossover such as 1D n-point
crossover, 2D n-point crossover and uniform crossover. The 2D crossover operator is
present in Figure 3 (Li, et al., 1995). We flip a coin to decide whether to do crossover
vertically or horizontally. If we do crossover vertically, we randomly choose
n-different numbers which smaller than the number of bits in vertical direction.
A similar approach is used for the horizontal direction.

- Mutation. Mutation involves randomly flipping some of the bits in a string
(chromosome). A very small probability is usually attached to occurrence of mutation
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at each bit location. This operation is performed to ensure that new areas of the
solution are explored

A GAs cycle is repeated for a fixed number of generations or until no
more improvement is observed. The best chromosome is generated during the search
is the final result of the GAs. Figure 4 illustrates a simple GAs flowchart.

The objective function is a main source to provide the mechanism for
evaluating the status of each chromosome. This is an important link between the GAs
and the problem.

(a) Vertical crossover (b) Horizontal crossover

Figure 3 The 2D n-point crossover operators (a) crossover along the horizontal

direction and (b) the vertical direction.
PRINT BEST

YES

INITIAL
FOPULATION

CRITERIA
MET?

[EVALUATION [CROSSOVER
& m.m;"' SELECTION 14

POPULATION OF
OFFSPRING

Figure 4 A Simple GAs Flowchart.

3.2 GAs Implementation for Designing Contact Patterns
A GAs library class was developed to design contact patterns for
increasing the efficiency of solar cells. An implementation of the GAs for designing
contact patterns is based on the following.

- Solution encoding: 400 bits of 2D binary chromosome represent a contact
geometry of 2x2 cm. with 1 mm. of metal width. Figure 5 gives an example of 36 bits
of 2D binary chromosome.

- Evaluation function: collected current |, from equation (7).

- Initial population generation: randomly generated fifty chromosomes.
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- Selection: stochastic universal sampling selection and elitism.

- Crossover: 1D n-point crossover or 2D n-point crossover.

- Mutation: Bit flipping.

- Maximum number of generations: 300

A set of contact grid geometry acts as the input data for GAs.

A contact pattern is designed by maximization of a generated current from cell. We
will test a number of different genetic algorithm parameters and operators i.e.
crossover and mutation probabilities, crossover operator and number of crossover site.
We will design both a conventional contact grid and a general geometry contact grid
which have the same size of metal grid width to compare their efficiency.

(a)

(b)

Figure 5 (a) A contact grid geometry. (black and white represents metal and emitter
area, respectively.) (b) A 36 bits of 2D binary chromosome representation. (‘1’ and
‘0’ represents metal and emitter area respectively.)
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4. Results
We designed the contact pattern of a 2x2 cm? cell with 1 mm metal
grid width and following characteristics: Jsc = 290 A/m?, Jo; = 0.9x107 A/m?, Jo, =

3.1x10° A/m?, p, . =40Q/a, Ry = 0.21Qm*, ny = 1 and n, = 2. At first we tested

different probabilities of crossover and mutation with 50 population size in 300
generations. We found that choosing 0.4 as the probability of crossover and 0.01 as
the probability of mutation provided good results.

We investigated GA performance with two different crossover
operators (1D n-point and 2D n-point crossover) and number of crossover sites was
considered. Figure 6 shows the effect of the number of crossover site and crossover
operators. We found that 2D n-point crossover operators performed better than 1D n-
point crossover and a larger number of crossover sites tend to worsen results. Hence
2D n-point crossover with one crossover site provides the best result.

In order to design the contact patterns we increased the generations to
2000 generations to ensure that we could obtain the best contact pattern. Figure 7
shows the best general contact pattern of a 2x2 cm? cell with 1 mm metal grid width.
The extracted current from this cell and its contact efficiency is 7.75x10% Amp. and
72.13%, respectively. Furthermore we optimized the conventional contact pattern
with the same size of metal grid width. The result shows that the extracted current
from this cell and its contact efficiency is 7.56x10 and 70.37%, respectively. This
result shows that the use of GAs for designing general contact patterns significantly
provide the efficiency better than the optimized conventional pattern with the same
size of metal width and hence improves the efficiency of the solar
cell

-7.70E-02

-7.60E-02 -

-7.50E-02 - I

-7.40E-02

’—
—
—
—
—

-7.30E-02 -
-7.20E-02 -
-7.10E-02 -

-7.00E-02

Collected curent from cell (Amp.)

-6.90E-02

1,1D 2,1D 3,1D 1,2D 2,2D 3,2D

number of crossover sites and crossover operators

Figure 6 The effect of number of crossover site and crossover operators (1D n-point
and 2D n-point crossover) (* is the best collected current condition)
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Current Trapped Point

Figure 7 The best contact pattern of a 2x2 cm? cell with 1 mm. metal grid width that
was designed by using GAs. The extracted current from this cell and the efficiency of
cell is 7.75 x 102 Amp. and 72.13 %, respectively.

5. Conclusions

GAs with elite selection and 2D n-point crossover with one crossover
site are employed to design a general contact pattern. The quality of best contact
patterns obtained from GAs increases if the number of crossover site is decreased. To
produce a good contact pattern, 2D n-point crossover operators is better than 1D n-
point crossover. The results obtained, when compared with the optimized
conventional pattern, indicate that the GAs are possible to design the general contact
pattern to significantly increase the efficiency of solar cell.
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