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ABSTRACT
A theoretical study of thin layer CIGS solar cells (for the CIGS low in copper i.e. G =0,9 [1]) under

[Ga]+[In]

monochromatic illumination in static regime at the front surface is presented.We propose a method of junction
recombination velocity determination, initiating the short-circuit (Sfsc) and limiting the open circuit (Sfoc).

The determination of Sfoc is obtained from the curve of photovoltage versus Sf, and the determination of Sfsc is
through from the curve of the photocurrent density according to Sf.

KEYWORDS: solar cell monofaciale,CIGS,junction,recombination velocity.

INTRODUCTION

The development of the thin layer solar cells,
particularly the chalcopyrite solar cells such as Cu(In,
Ga)S, Sep, had very significant progress with an
efficiency of about 20% in laboratory [1].

This efficiency depends on several phenomenologic
parameters among which the diffusion length (L), the
diffusion coefficient (D), the junction recombination
velocity (Sf), the reflexion coefficient (R) and the
absorption coefficient () [2,3,4].

Consequently several methods were developed for
the determination of these parameters.

In this work, we present a method of junction
recombination velocity determination initiating the
short-circuit (Sfsc) and limiting the open circuit
(Sfoc) for a solar cell containing thin film CIGS to
one dimension.The study will be done primarily in
the base because the contribution of the transmitter is
negligible

THEORETICAL STUDY
A n+-p-p+ CIGS solar cell type is schematized on
figure 1:
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Figure 1: Solar cell (n pp ) containing CIGS under
monochromatic illumination at the front surface

When the solar cell is illuminated, different
process take place in the base: We can mention
generation, recombination and diffusion of
excess minority carriers, etc...

The continuity equation for all these phenomena
in static regime is given by the expression
below:

0°5(x,,5f,Sb)  5(x,4,5f,Sh)  G(x,1)
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In which 5(X’ 4, Sf’Sb)

carrier’s density in the base

@

is the excess minority
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L: Diffusion length of the minority carriers

D: diffusion coefficient of the minority carriers
(Which translates the more or less good capacity of
the material to let broadcast the carriers).

G(x,L): is the carrier generation rate.

The carrier generation rate for a monochromatic
illumination is given by the relation (2) :

G(x, 1) = (1) (1).(1— R(1)) & *P*
a: is the absorption coefficient;

R:is the reflexion coefficient

AM: 1.5

® :is the flow of carriers

The diffusion coefficient is constant and it is given by
the relation (3) [5]:

)

D=—"xu (3) D=2.59cm*s™

q
The diffusion length is given by (4) :

L, = Dz, (4)

L, =4,5um for a solar cell of 3um [6]

_ -8
7.=1810"s is the minority carriers lifetime

The general solution of the continuity equation is
given by the expression (5):

S5(x, A,Sf,Sb) = F.ch(%) + C.sh(%) ;

L2.a(A).@(A)(L-R(A)  —atx ©)
D.(L2.x(2) -1)

In which F and C are coefficients determined starting

from the boundary conditions:

“1[U At the Junction(x=0) [7]

D.who = SF.5(x, 4,5F,Sb)[ g
X

“177 At the back surface (x=H) [7]

D. 06(x, 4, Sf, Sh)
OX

In which H is the total thickness of the solar cell

CIGS ,Sf and Sb are

recombination velocity and back side recombination

=-Sh.5(x, 4, Sf, Sh)|,_,,

‘X:H

respectively junction

velocity .

(6)

(")
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PROFILE OF EXCESS
CARRIER’S DENSITY
The profile of the excess minority carrier’s density is

MINORITY

given by figure 1.
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Fig. 1: Excess minority carrier’s density versus thickness

in base of CIGS for different wavelength value

For a given wavelength, the curve presents three
parts:

The density of the excess minority carrier’s increases
until reaching a maximum which corresponds to a
depth Xo in the base.Beyond the value Xo the excess
density minority carrier’s density decreases.

Thus we distinguish two zones:

The zone corresponding to the increase of the
minority carrier’s density i.e. to the positive gradient:
that is due to the crossing of the minority carrier’s
charge to the junction which take part in the
photocurrent.

The zone corresponding to the reduction in the excess
minority carrier’s density i.e. to the negative gradient;
the minority carrier’s density undergo in depth and
the surface recombination.

The maximum corresponds to the null gradient which
indicates a storage of carriers density

It is also seen that for the low wavelength (1) values,
absorption is done close to the junction whereas for
the big wavelengths values, absorption moves in-
depth.

The expression of the excess minority carrier’s
density enables us to obtain that the photocurrent
density starting from the relation of Fick [7].
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PHOTOCURRENT DENSITY
The photocurrent density of solar cell is obtained
starting from the gradient of excess minority carrier’s
density to the junction and it is given by the
following expression (8) [7]:

00(x, A, Sf, Sh)

J,,(2,Sf,Sb) = q.D ~ e (8)
In  which q is the -elementary charge
q=16x10"C

Figure 2 illustrates the variation of photocurrent
density versus junction recombination velocity for
various wavelength values.
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Figure 2: Photocurrent density versus the junction
recombination versus for various wavelength values

(Kg = 1.38x1072 J.K ™) and T is the temperature
(T=300K).

We present at fig.3 the profile of the photovoltage
versusjunction recombination velocity for different
wavelength values:
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Figure 3: Photovoltage versus junction recombination
velocity for differentwavelength values

We observe in this case that:
For the low values of the junction recombination
velocity, the photovoltage is maximum:the solar cell
is in situation of open circuit
Whereas for the great values of the junction
recombination velocity, the photovoltage decreases
and tends towards zero: the solar cell is in situation of
short-circuit.
The representation of the photocurrent density and
that of the photovoltage versus the junction
recombination velocity, give two stages in general
corresponding to the operation of solar cell in short-
circuit or in open circuit. -Whereas for the great
values of the junction recombination velocity, the
photovoltage decreases and tends towards zero: the
solar cell is in situation of short-circuit.
The representation of the photocurrent density and
that of the photovoltage wversus the junction
recombination velocity, give two stages in general
corresponding to the operation of solar cell in short-
circuit or in open circuit.
For each stage, we can make to correspond several
values of junction recombination velocity (Sf).

What leads us in this work to propose a method of
junction recombination velocity determination
initiating the short-circuit Sfsc and limiting the open
circuit Sfoc.

http: // www.ijesrt.com© International Journal of Engineering Sciences & Research Technology

[248]


http://www.ijesrt.com/

[Wade, 4(9): September, 2015]

RESULTS AND DISCUSSION

JUNCTION RECOMBINATION VELOCITY
DETERMINATION INITIATING THE SHORT-
CIRCUIT Sfsc AND LIMITING THE OPEN
CIRCUIT Sfoc

linitiating the short-circuit Sfsc

This method of determination of Sfsc consists in
projecting the experimental value of the photocurrent
density of short-circuit of solar cell containing CIGS
on the axis corresponding at the junction
recombination velocity. The found value is the
junction recombination velocity initiating the short-
circuit for a given wavelength. The figure 4 confirms
this method.
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Figure 4:Technique of determination of the photocurrent
density for A2=0.5um (a) and for low wavelengths (b)

The following table represents various values of
junction recombination velocity initiating the short-
circuit for different wavelengths values.

Table 1: junction recombination velocity initiating the
current of short-circuit versus wavelength [9]

Jecop (MA/ CM?) A(pm) Sf..(cm/s)
0.0304 05 4910
0.0304 0.54 4.3x10%°
0.0304 0.56 4.5x10%°

Limiting the open circuit Sfoc
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We proceed in the same way as previously for the
junction  recombination velocity determination
beginning

to the open circuit. In other words the experimental
value of the photovoltage of open circuit is projected

on the axis corresponding to the junction
recombination velocity.
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Fig.5:Technique of junction recombination velocity
determination beginning to the open circuit from the

CIGS for 2=0.5um (a) and for different wavelength (b)

Table 2: Junction recombination velocity beginning the
current from open circuit versus wavelength [9]

V. (V /cm?) A(um) | Sf_(cm/s)
0.421 0.5 3.3x10%3
0.421 0.6 3.2x10%2
0.421 0.7 2 8x10%8
CONCLUSION

The method proposed in this work considers the solar
cell under a real operating condition. This is a
method of junction recombination velocity
determination initiating the short circuit and the
junction recombination wvelocity limiting the open
circuit for a solar cell containing thin layer CIGS.

It’s noted that Sfsc increases according to the
wavelength for an experimental value of the
photocurrent density corresponding 0.0304A/cm?.
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It‘s also noted that Sfoc increases conversely versus
the wavelength for an experimental value of the
photovoltage corresponding 0.421V/cm?.Any time
we can improve these results by incorporating
sodium in the base of CIGS.
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