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Photovoltaic

I. Introduction

Solar energy is the most promising and powerful of the renewable energy sources [1]. Photovoltaic electricity is
produced by converting sunlight directly into electricity using photovoltaic cells [2].

Silicon texturing is used to decrease the reflectivity of the surface of the photovoltaic cell [3-4]. This operation
aims to develop a micrometric relief on the surface, generally pyramidal in shape. A ray arriving at normal
incidence (in relation to the plane of the cell) on the pyramid will be reflected on the face of an adjacent pyramid,
this double reflection on the pyramids decreases the total reflection coefficient. Texturing of the surface results in
greater trapping of light entering the cell [5-6].

To evaluate the impact of texturing solar cells on cell performance, textured and non-textured photovoltaic cells
were modeled and then simulated. Indeed, the simulation of textured cells allows the prediction of the values of
the surface parameters for the control of the phenomenon of light trapping (the angle and depth between the
pyramids) as well as an evaluation of the surface or interface passivation (SiO»/ Si) to reduce the rate of
recombination, this facilitates lead to a practical realization.

This numerical simulation was carried out from a mathematical model adapted to the textured solar cell. To reduce
the degree of complexity of calculations, we chose the model of the electric circuit equivalent to a diode. Nonlinear
equations deduced from these models were solved by an iterative method (Newton Raphson method) and through
calculation software (Matlab). We have based on two main parameters of a texture (pyramids), these are the height
(depth) of the pyramid h, and the density (number) Npyr of the pyramids per unit area.
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II.  Numerical modeling of a solar cell

For this work, a moderate complexity model was used, the dependence on the diode current and the reverse
saturation current is included. The series resistor was included, but not the shunt resistor. A simple shunt diode
(Fig. 1) was used to achieve the best shape of the I (V) curve.

This model assumes that the dark current of a solar cell can be described by a single exponential dependence e
’and by a diode quality factor (see equation 2). The values of the equation parameters must be determined to
reproduce the I (V) curve. This requires five-variable equations containing five unknowns which will be solved
simultaneously to obtain the parameter values. There are three key points on the IV curve of a photovoltaic cell.

The operation of a photovoltaic module is described by the "standard" model with one diode (Fig. 1), established
by Shokley for a single PV cell, is generalized to a PV module considering it as a set of identical cells connected
in series or in parallel.
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Figure 1. Equivalent diagram of a model PV cell with one diode.

The current supplied by the cell is given by the following relation [7-9]:

V-R.I q(v - R,
=1+ 4] |expd st L 1
ph R, + { XP{ AKT } } 1)

With :

Ion: Photocurrent,

Ish: Current of the shunt resistor,

Is: Current of saturation,

Rs: Series resistance Q,

Rsh: Shunt resistance Q,

q: Charge of the electron = 1,602. 10"° Coulomb,

K: Boltzmann constant (J / K) =1,38.10% (J/K),

T: Absolute temperature of the Kelvin cell (K).

A: Coefficient of ideality of the dimensionless diode 1<A<5.

From the equivalent circuit of figure (1), we can write:

=1y +1+IRy @)
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The current flowing through the resistor Rsh is given by:
V + IR, 3)
Rsh

IRsh =

The current in the diode is given by:

ax(V+Rs1) 4
l,=1,xle A& -1

With Is: saturation current of the diode given by:
L I, ®)
* exp(qV,, / AKT)
So the expression of the characteristic | (V) is [4-5]:

q(V - R,I V -R,I ©)
=1, -1 |ep|— 1| - ——=
Pr {Xp{ AKT } } R,

After eqaution (6) obtained; a numerical solution can be obtained using Newton Raphson's algorithm or other

algorithms that solve systems of nonlinear equations.

Il.La  The Newton Raphson Method:

In numerical analysis, the Newton-Raphson method in its simplest application, an efficient algorithm for
numerically finding a precise approximation of a zero (or root) of a real function of a real variable. This method
owes its name to the English mathematicians Isaac Newton (1643-1727) and Joseph Raphson (possibly 1648-

1715), who were the first to describe it for the search for the zeros of a polynomial equation [10-12].

A set of nonlinear matrix-shaped equations is given by:
f, (x) 0
f,(x)
fx=|.""" |=y
fy (%)
where y and x are n vectors and f (x) is an N vector of functions. The goal is to find x given y and f (x). The

equation (7) is rewritten as:
0=y -f(x) (8)

and adding Dx to both sides of equation (8), where D is a square N.N,
Dx=Dx+y-f(x) 9
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And if we multiply by D! we get:

x=x+Dy-f(x)]

(10)

The Newton-Raphson method specifies the matrix D on the basis of Taylor expansion, of x around a point x0.

df
= f(x — X=X
Y=+ |, (k= %)

The value x0 is replaced by the old value x (i) x and the new value of x (i + 1):

X(i +1) = x(0) + 3 ({y — f (x(x(@))}

and the Jacobian matrix J is given for each iteration:

. df
J(0) :& ‘x:x(i) =

So according to our equations (1.2.3.4.5.6) the Jacobian matrices will be as follows:

For Jacobian (1) :

a1 =1

J(1.2) = —exp(

J13)=-
J(L4)=0

J(L5) = —\ém

2
sh

For Jacobian (2) :

[of, of, of |
ox ox,  ofy
of, of,  of,
s
of, ofy  ofy
o, oxy

q VCO
AKT

AKT

AT

)+1

V
ql SVCO eXp (qico)

(11)

(12)

(13)

(14)
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I =1
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For Jacobian (3) :
J@.1)=0

1 S CO
g ey

AkT
I.(R,—R,)e (qv—c")(AkT+ V)
q s S sh Xp AkT q co
AK’T?R,,
(R, - Ry exp(Le 1

J(3.4)= AKT
AKTR,, R, R

J(3.2) =

i3 =

S

For Jacobian (4) :

1(41)=0
ait- S)GXD( e S)
1@4.2) =—— R Akt
AKT
qICCRS
als (R, —Ry)exp(— ) (AKT +ql (R;)
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AKZT 2R,
|
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R, —R
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( ) Rsths

For Jacobian (5) :

(15)

(16)

(A7)
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J(5.1)=0 (18)
I .R qyVv,, +1,,R
1— pm-™"s pm pm’ s
at--, - Jen(— )
J(.2)=- p
AKT
q(\/ m +I mRS)
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qlsl mexp(quls(l_ \P/ )Ipmexp( : AkTp |
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' Vn AKT A%K?T? RaVon
1 tomRe

Viom

sh

The Jacobian is used to facilitate finding a solution for our nonlinear equation (6) using MATLAB software. All
constants in the equations can be determined using data from PV panel manufacturers.

I1l. Numerical simulation of a textured solar cell

III.1  Principle of simulation:

In this simulation we have based on two main parameters of a texture (pyramids), these are the height (depth) of
the pyramid h, and the density (number) Npyr of the pyramids per unit area.

111.2 Simulation of the textured surface:

The diagram shows (Fig.2) all the dimensions and parameters of a pyramid (several pyramids in each row).

Figure 2. Diagram shows the notations of different dimensions of a pyramid.
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With S, and Sy, are the surface of triangle side "a" and side "b", respectively:

The number of pyramids N pyr =Mxn then the total area Stot is:

a

Sa :TX La 2
m
b )2 :>Sa=2i>< h2+(2bj
m n
I_r,:1 = h2 +(2j
" (19)
Spyr IS the complete area of a pyramid, then:
2 2
S, =2(S, +S,) =‘3‘.\/h2 +(bJ +b.\/h2 +(a)
m 2n n 2m (20)

a b) a a)
Stil:NPyl’XSpyr :>Smt=m.n{m.\/h2+[2nj +n.\/h2+(2mj J

To facilitate the calculation we do: a=b,m=n=_/N pyr + We get the following relation:

(21)

(22)

In general the surface of the cell is as follows:

a’ =;h=0,N, =1= area(plane = untextured ) (23)

Swot = ) 2.h.N oyr 2
a“. +1=h=#0,N
a

)1 = area(textured )

pyr
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1V. Results

All of the constants in the all obtained equations can be determined using manufacturer data from 36-cell solar
panel, and from the I(V) curves. The ENIE Solar 75 (W) module will be used to illustrate and verify the simulation
model we used.

Table 1: electrical characteristic of the ENIE Solar photovoltaic module

The parameters Value
Maximum Power (Pmax) 75 W +/- 10%
Voltage at Pmax (Vimax) 17.3W
Current at Pmax (Imax) 4.05 A
Voltage at open circuit (Vco) 216V
Current of short-circuit (lcc) 4.67 A

Parameters of a photovoltaic solar cell of the ENIE Solar 75 (W) module were characterized in laboratory of
development and characterization of materials (LECM), University of Djilali Liabes Sidi bel-abbés. Algeria.

Table 2 : Simulated solar cell parameters

The parameétres Symbol | Value

Area S 50 cm?

The reflection coefficient R 0% ~30%
number of pyramids Npyr 0 ~ 3000

the height (depth) of the pyramid h 0~6um

flux power per unit area P 2 ,51.10° w/m2

With the MATLAB 2011 program that we used for the simulation of the characteristics of our photovoltaic
generator), we will simulate a mathematical model of the photovoltaic solar cell which has been characterized in
our laboratory (LECM), and we will study it in two cases (with the variation of the height, number of pyramids
and the reflectance).

The 1st case: when it is textured: h and N pyr greater than 0 and 1 (Fig. 3)
The 2nd case: when it is not textured, ie: h =0 and Npyr = 1 (Fig. 5)
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IV.1. Solar cell with texturing with (h=5 um; R= 10 %; Npyr = 3000):

Courant (1}
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Figure 3. Characteristic a: 1(V), b: P(V) of the solar cell with texturing.

Figure 4. Image of the surface of a textured solar cell (carried out at the LECM laboratory).

Table 3: electrical characteristics of the solar cell with texturing

Current of short circuit lcc =1.783 (A)
Power Max Pwm = 0.679 (W)
Voltage of open circuit Vco =0.551 (V)
Form factor FF = 0.712
Efficiency n =13.56 %
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IV.2. Solar cell without texturing with (h=0; R=25% ; Npyr=1) :

a : Characteristic: 1(V) | | b : Characteristic: P(V) |
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Figure 5. Characteristic a: 1(V), b: P(V) of the solar cell without texturing.

Table 4: electrical characteristics of solar cell without texturing

Current of short circuit lcc =1.623 (A)
Power Max Pm = 0.638 (W)
Voltage of open circuit Vco =0.556 (V)
Form factor FF =0.703
Efficiency n =12.76 %

From the results above we conclude that the pyramid number and the depth of the texturing pyramids are important
parameters for a solar cell and consequently the texturing influences the characteristics of the solar cell and
especially the short-circuit current Icc with respect to the voltage Vco, because the Isc takes into account the
surface of the solar cell where the modifications have been made.

V. Conclusion

Whatever the structure of a solar cell, an optimisation of its parameters is necessary to have a good efficiency. In
this work, we simulated a textured silicon solar cell, the results obtained in this paper present the effectiveness of
texturing on the characteristics of the solar cell. The simulation performed in this work allows the experimenter to
control the surface parameters of the textured silicon for optimal photovoltaic conversion. The results of this
simulation provide an improvement in conversion efficiency from 12.76% to 13.56%. The developed model could
be embedded into solar cell simulation tools or adapted to predict optical properties of diverse surface
morphologies. Finally we concluded that texturing is an important parameter for a solar cell because the trapping
of the light which was obtained by the texturing improves the efficiency of the photovoltaic solar cell.
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