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Abstract The aim of this article is to show the evolution of the capacitance (C) of a thin film photovoltaic CIGS
according to the parameters such as the recombination velocity at the junction (Sf) and the photovoltage (\VVph)
for different incident wavelength values. The study of the capacitance efficiency according to wavelength values
(m()V)) is also made when the photovoltaic system is in short-circuit and in open-circuit under monochromatic
illumination in static and one dimensional conditions. The expression of its parameters is obtained from the
excess minority carriers density. The capacitance efficiency depends on the maximum of the relative minority
carriers density according to the thickness of the base corresponding to the space charge area in the case of a
short circuit (Xcc) and in the Open circuit (Xco). The study revealed that the capacitance performance increases
implying a decrease in capacity from where a good generation rate of our solar photovoltaic.
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Introduction

Cu(In,Ga)Se, thin film solar cells are a realistic option for good efficiency conversion compared to silicon. The
Cu(In,Ga)Se, chalcopyrite has unique physical properties such as an absorption coefficient greater than 20% [1-
3], a direct bandgap adjustable according to the ratios between the materials of the layer CIGS. We used a
copper-poor thin layer CIGS [4] with a gallium percentage of 30% which gives good conversion efficiency [5].
The aim of this work is to study the capacitance evolution according to the recombination velocity at the
junction of a CIGS thin film solar cell under monochromatic illumination by the front face.

Theoretical study
The considered solar cell (n+ Ip/ p*)and its structure are represented in the following figurel:
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Figure 1: Solar cell (n* Ipl p*) containing CIGS under monochromatic illumination at the front surface
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When the light source is illuminated, we can note the presence of three major phenomena: generation,
recombination and diffusion of minority carriers charge. In our physical model which is a monofaciale solar cell
based on CIGS thin layers in steady state; These phenomena are governed by a mathematical equation called the
continuity equation:

d°5(x,4,5f,Sb)  &(x,4,Sf,Sb)  G(x,1) (eq.1)

ox’ L2 D '
Where 5(X, A, Sf, Sb)is electron density in the base.
The electron-hole pairs are created in the base. The distribution of the photocreated minority carriers (electrons)
in the base is governed by the following continuity equation whose resolution makes it possible to determine the
excess minority carriers density.

The carriers generation rate is expressed as:

—a(2).
G(x2)=a()g(Aa-RA)e " (Ea2)
Where o (L) is the material monochromatic absorption coefficient; R (L) is the material monochromatic
reflection coefficient; @(A) is the incident carrier flux; H the thickness of the solar cell.

> =7.D (Eq.3)

L: is the diffusion length

L = 4.5um for a 3 pm solar cells [5].

D: is the electron diffusion coefficient of the minority carriers density in the base

T :lIsthe electron lifetime in the base.
The general solution of the continuity equation is like:

5(x,1,5f,Sb)= Acosh(%) + B.sinh(%) + A1) exp (- ex) (Eq.4)

pa— 2 p—
with (1) = L .a(ﬂ,z.d)(z/i).(l R(1))
D(L%.a?(2)-1)
Where A and B are coefficients determined from boundary conditions:
» At the junction (x = 0) [6].

and (L2 .az(/l)—l) =0

00(X Sf.o(x=0
a(x ) - (D NG
x=0
» On the back surface of the base (x = H) [6].
00(X —Sh.o(x=H
o) _SholbeH) e
X |yen D

Sf and Sb are respectively the excess minority carriers recombination velocity at the junction and the excess
minority carriers recombination velocity at the back side.
Sf: also characterizes the operating point of the solar cells.

Results & Discussion
Photovoltage
The expression of the photovoltage is obtained from the Boltzmann law given by the following relation:

Vph(x, 4, Sf, Sb)=V;. In(1+ Nfg.(s(x, A,Sf, Sb)|X_OJ (Eq.7)
ni -
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with v, = KT (Eq.8)
g

ni =10"cm™
Where V7 is the thermal voltage (V; = 0,026V ); n; the intrinsic carrier’s density, Kg the Boltzmann constant

(Kg =1,38.102J.K™), T the temperature (T = 300K) and N,: base doping density.

Capacitance
The solar cell capacitance [7] in the base is given by:

_®Q
dv
Q is the elementary charge
ds(x =0)
@] =eS5(x=0) Then C=e.———=
rQ=e.o(x=0) Then Y
Hence the above expression can be put in the form:
do(x=0) 1
C=e .
dsf " dvph
dsf

Taking into account the photovoltage expression (Boltzmann) and the minority carriers density, we get the
following relation:
2

ni
eli
c__Nb +e.5(x—0) :CO+e.5(x—O) (Eq.9)
VT VT T

We present in the following figure 2 the profile of the capacitance according to the junction recombination
velocity for various wavelength values :
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Figure 2: The variation of the Capacitance according to the junction recombination velocity for various
wavelength values

We find that the capacitance decreases as the junction recombination velocity increases. This variation reflects
an important storage of the excess minority carriers charges in the base in the range of 0 to 2,5.10*°cm/s. The
maximum value of the diffusion capacitance, corresponding to the solar cell under open circuit, is obtained
when the junction recombination velocity tends towards null.
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The capacitance also increases when the wavelength decreases because the wavelength is inversely proportional
to the incident photon from which there is a strong generation of the excess minority carriers density in the base
and consequently the carriers pass through the junction. We will then see the capacitance evolution under the
darkness for our CIGS solar cell according to the photovoltage is represented in the following figure 3:
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Figure 3: Variation of the capacitance according to the photovoltage for various wavelength values
We see that capacitance increases when the photovoltage grows. Thus, for the photovoltage values (Vph <
0.56V/cm?) corresponding to an operation in situation of short-circuit, the capacitance is low or even zero; This
is due to the massive crossing of the excess minority charge carriers at the junction, whereas for the values of
the photovoltage (Vph > 0.56 V/cm?), the capacitance increases as we note a storage of charge carriers at the
junction level. When the capacity increases, the number of carriers stored at the junction increases, which
increases the photovoltage. In this case, the photocurrent decreases because the number of the excess minority
carriers collected is small.
Whatever the wavelength value, we observe the same values of the capacitance of the solar cell unit under the
dark, so the wavelength has not effect on the variation of the capacitance under darkness according to the
photovoltage.
The expression of the logarithm of the capacitance versus the photovoltage allows us to have an idea on the
value of the capacitance of our solar cell. It’s detailed in the following section:

The capacitance value of our solar cell
We use the expression of the photovoltage and we obtain after transformation the following relation:

C Nb
—=|1+—.5(0 Eqg.10
0 ( e ( )j (Eq.10)
Vph = In(1+ l?.é(O)j (Eq.11)

V; ni

From these two relations we have the following expression:

¢ exp (Vlhj (Eq.12)

co v,
INC —1In CO=VLh (Eq.13)
VT

With Co the photovoltaic capacitance in the dark.
The profile of the logarithm according to the phototension is represented in the following figure:
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Logarithm of the capacitance
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Figure 4: Variation of the logarithm of capacitance according to the photovoltage for different wavelength
values

The curve of the logarithm of the capacitance as a function of the phototension is a straight line of slope 1/ VT
whose ordinate at the origin is the value In (Co).

We note that the curve of the logarithm of the capacitance as a function of the phototension is a line of slope 1/
VT whatever the value of the wavelength. We have a coincident curve for long wavelength values; and the
logarithm of the capacity increases for the short lengths (and when the wavelength decreases).

So for long wavelengths the logarithm of the capacitance does not vary.

In all cases, we obtain about the same ordinate at the origin of value substantially equal to: In (Co) = -15.

The value of Co after extrapolation on the ordinate axis is therefore: Co = 3.05 X 10 F/cm?.

Relative density of the carriers as a function of the depth in the base of the photovoltaic cell
= |Inashort-circuit situation
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Figure 5: Normalised minority carriers density according to the base depth for various wavelengths in short
circuit
We observe a displacement of the maxima of the relative minority charge carriers density which move away
from the junction when the wavelength increases. This is due to a widening of the space charge area caused by a
large crossing of excess minority charge carriers density at the junction. These maximums represent the width of
the space charge area for various wavelength values when the solar cell is under short-circuit. They are noted

Xcc(A).
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= |In an open-circuit situation
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Figure 6: Normalised minority carriers density according to the base depth for various wavelengths in CIGS
photovoltaic cell base of the open-circuit
The profiles of relative density minority carriers, according to the CIGS base depth when the solar cell operates
under open circuit for different wavelength values, admit their maximums practically at the junction. This
results in storage of the carriers at the junction caused by a narrowing of the space charge area. These
maximums correspond to the width of the space charge area when the photovoltaic cell is under open-circuit.

They are noted Xco(l). This last remains almost constant whatever the wavelength.

We also notice that XCO(A) is always less than XccC (/1)

Xco (1) and Xcc (A) are two parameters dependent of the solar cell capacitance efficiency; we will then see the
variation of the capacitance efficiency n(L) according to the wavelength in the rest of our study.

» Capacitance efficiency
The yield of the capacity is given by the expression [8, 9]:

Xco(A)
n(A)=1-"—"% (Eq.14)

Xcc(A)
Where Xco (L) and Xcc (1) are respectively the space charge zene-thickness when the photovoltaic cell operate
in open-circuit and in short-circuit.
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Figure 7: Variation of the Capacitance efficiency according to the wavelength
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We see an increase in capacitance efficiency according to the wavelength. From the foregoing, the ratio
Xco(A4)
Xce(A)
the wavelength. We note that the higher is the capacitance efficiency; The more important is the capacitance of

CIGS thin film and consequently the photocurrent becomes greater. So increasing the capacitance efficiency
promotes a good generation of our solar cell.

becomes increasingly less than unity. Hence the capacitance efficiency increases with the growth of

Conclusion

The evolution of the capacitance according to the junction recombination velocity shows that the capacitance
decreases for various wavelength values . More the wavelength is significant minus the capacitance is
important; which is very favorable for a better generation of a direct-gap solar cell.

The capacitance also evolves increasingly with the photovoltage which is very normal. Its value is obtained with
the profile of the logarithm of the capacitance as a function of thephototension. The value of the diffusion
capacitance under darkness is obtained for approximately Co = 3.05 X 10°® F/cm® The capacitance efficiency
increases with the wavelength, which implies a reduction of the capacitance. This article allows us to see the
variation of the capacitance with the parameters such as the junction recombination velocity, the photovoltage
and for different wavelength values .
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