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Abstract In this paper, we studied the influence of the electric field and temperature on the recombination
velocity at the junction initiating the short-circuit and the short-circuit current. The excess of minority carrier’s
density in the base is determined from the continuity equation. The photocurrent and the short- circuit current
are derived from the excess minority carrier’s density. From the photocurrent study, the recombination velocity
at the junction initiating the short-circuit and the short-circuit current are determined and studied for different
values of electric field and the temperature under polychromatic illumination.
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1. Introduction
The solar cell is a device that ensures the transformation of light energy into electrical energy. To obtain it, a set
of chemical, mechanical and thermal treatments is necessary. Therefore, these treatments have more or less
adverse effects on the performance of the final device [1]. These effects are characterized by, ohmic and
recombination optical losses [2]. The quality of the solar cell is closely related to its electronic parameters [3]
and electrical [4], various characterization techniques have been developed in order to improve the
manufacturing steps of the solar cell. These techniques are based on the measurement of optical effects[3] or
electric [4-6] of the imperfections contained in the solar cell maintained in static regime [7-8] and under
dynamic regime (transient and frequency) [9-10]. The photovoltaic conversion depends also on the temperature.
The electrical performances of a silicon solar cell are very sensitive to the temperature [11]. Thus, on the
incident energy totality, approximately 13% is extracted as electrical energy. Much of this energy is dissipated
as heat, this which leads under radiation, at a relatively high operating temperature if energy not converted into
electrical is not drained. Much of this energy is dissipated as heat, this which leads under radiation, at a
relatively high operating temperature if energy whom was not converted into electrical is not drained. Our
contribution in this work is to study the effect of temperature on the recombination velocity at the junction
initiating the short circuit and short circuit current of a solar cell under external electrical bias.
2. Theory
In our study, a n+pp+ solar cell type is considered [12]. It is illuminated by its front face under polychromatic
illumination and it is under external polarization by applying a voltage. Therefore, we will study the external
electric field effect resulting from the polarization and temperature on the behavior of minority carriers in the
base volume. The structure of this solar cell is shown in Figure 1:
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Figure 1: Solar cell structure to the n+ -pp+ type under electric polarization and polychromatic illumination.
2.1. Excess minority carrier’s density
The continuity equation for the excess minority carrier’s density photo-genered in the base under influence of
the external electric field and temperature is:
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(1)
δ(x) is the excess minority carriers density according to the depth x in the base of the solar
cell, μ(T) the electrons mobility coefficient and depends on the temperature [13]:

 (T )  1,43.109.T 2, 42cm 2 .V 1.s 1

(2)
E represents the electric field, D(T) the diffusion coefficient, L(T) the diffusion length and are functions of the
temperature:
k
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Kb is the Boltzmann constant, q the charge of an electron and T is the temperature.
Posing in:
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Equation (1) becomes:
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G(x) is the carrier generation rate of the minority carrier in the base [14] given by:
3

G ( x)   ai  e  bi . x
i 1

(7)
H is the thickness of the base.
The parameters aRiR and bRiR stem from the modeling of the incident illumination as defined by under A.M 1.5
condition [15]. These coefficients are given in Table 1:
Table 1 : values of the radiation coefficients defined under A.M 1.5
i
1
2
3
-3 -1
20
20
ai (cm .s ) 6,13.10 0,54.10 0,0991.1020
bi (cm-1)
6630
1000
130
The excess of minority carrier’s density is obtained from equation (6) resolution and is given by:
3

 ( x, T , E )  e  (T ). x  A  ch( (T )  x)  B  sh( (T )  x)   ci (T ).e  b . x
i

i 1

(8)
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With :
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A and B are obtained with the boundary condition at the emitter – base junction and at the
back surface of the cell [8, 14]:
-at the junction (x=0) :

 ( x, T , E )
x


x 0
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(9)

-at the back surface (x=H):
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x H

(10)
Sf and Sb are respectively excess minority carrier’s recombination velocities at the junction
and at the back surface [14,16-17]. Sf characterizes the solar cell operation point. It also corresponds to the
gradient of the minority carrier’s at the junction. Sb determines the losses by recombination at the rear face
(back surface field BSF).
2.1.1. Study of diffusion lengths of the minority charge carriers LE(T) and L(T)
The diffusion length L(T) of minority charge carriers at the absence of electrical polarization is a function of the
temperature. LE(T) is the diffusion length of the minority charge carriers in the presence of an external electric
field. It depends on the temperature. The study of these two concepts will allow to show from a certain value of
the electric field, the minority carrier diffusion photogenerated charge in the base becomes very sensitive to
temperature. Thus we respectively represent in Figures 2a and b the profiles of the diffusion lengths of minority
carriers profiles of load L(T) versus on the temperature and LE(T) versus electric field for various values of
temperature.

Figure 2a : Diffusion length at the absence of
electrical polarization versus temperature

Figure 2b : Diffusion length of the minority charge
carriers in the presence of an external electric field
versus electric field
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Figure 2a shows a decrease in diffusion length of the minority charge carriers no electric field with increasing
temperature. Indeed, with increasing temperature, thermal agitation decreases the mobility of minority charge
carriers and causes the decrease in the diffusion coefficient [13]. Thus, in view of equation 4 and the
dependence of the diffusion length to the temperature, there is a decrease of the diffusion of the minority carriers
when increasing temperature. In the presence of polarization (Figure 2b), we observe an increase of the
diffusion length with the electric field intensity. Indeed, in the presence of electric field, the of minority charge
carriers are accelerated toward the junction by the conduction phenomenon (Jc = μ (t) .E) thus increasing the
diffusion length of the minority charge carriers. We also observe that more the electric field is intense, more the
diffusion length is temperature sensitive.
2.1.2. Study of the minority carrier’s density
We plot in figures 3a, b, c, d the minority carrier’s density versus base depth for different electric field values
and for some of the temperature values T.

a) T=300K

c)

b) T=320K

T=330K

d) T=340k
Figure 3: Minority carrier’s density versus base depth for different electric field values and for some of the
temperature values T
( Sf=104cm/s, Sb=103cm/s, τ=10-5s)
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We plot in figures 4a, b, c, d, e, f, g, h the minority carrier’s density versus base depth for different of the
temperature values T and for some electric field values.

a) E=0V/cm

c) E=3V/cm

b) E=2V/cm

d) E=4V/cm

f) E=6V/cm
e) E=5V/cm

g) E=8V/cm

h) E=10V/cm

Figure 4: Minority carrier’s density versus base depth for different temperature values and for some of the
electric field values ( Sf=104cm/s, Sb=103cm/s, τ=10-5s)
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Figures 2 and 3 show that, for a given value of the electric field and temperature, the variation of the minority
carrier density as a function of depth in the base has three essential observation areas. A first where the gradient
is positive, the minority carriers located in this region are returned to the junction for participate in the
production of the photocurrent. A second area, where the gradient is zero at a depth x0 in the base, the minority
carriers located in this region are blocked. A third zone where the gradient is negative, this region is
characterized by a decrease the generation rate the minority carriers which is a exponential descending of the
depth. we also notice an increase of the electric field is accompanied by a very significant reduction in the
density of minority carriers near the junction (first zone) with for dual consequences : a decrease in the density
of minority charge carriers and a displacement of the peaks of minority carriers density to the junction. The
decrease of the minority carrier density peaks is caused by an increase of the minority carrier density which
cross the junction for participates in the production of the photocurrent when the electric field increases. The
displacement of these peaks to the junction shows an increase in the density of minority carriers to the junction
when the electric field increases. The curves also show that the temperature increases the density of minority
charge carriers and this increase is very important when the electric field increases.
2.2. Photocurrent density
The expression of the photocurrent density is deducted of currents diffusion and conduction ; we have :

J

ph



 ( x, T , E )
( Sf , T , E )  q   D(T ) 
  (T )     (0, T , E )  q.Sf   (T ).E . 0, T , E 

x
x0



(11)
q is the charge of electron.
We plot in figures 5a, b, c, d , the photocurrent density versus junction recombination velocity for different
electric field values and for some of the temperature values T. .

b)

T=320K

a) T=300K

d) T=340K
c) T=330K
Figure 5: Photocurrent density versus junction recombination velocity for different electric field values and
for some of the temperature values T ( τ=10-5s)
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We plot in figures 6a, b, c, d, e, f, g, h the photocurrent density versus junction recombination velocity for
different of the temperature values T and for some electric field values.

a)

E=0V/cm

c) E=3V/cm

e)

b)

E=2V/cm

d)

E=4V/cm

f)

E=6V/cm

E=5V/cm

h) E=10V/cm
g) E=8V/cm
Figure 6: photocurrent density versus junction recombination velocity for different temperature values and for
some electric field values (τ=10-5s)
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Figures 5 and 6 show two levels: a first at the vicinity of the open circuit (low Sf) and a second at the vicinity of
the short circuit (large Sf). Near of the open circuit and at the lack of polarization (E = 0), the photocurrent is
low. When Sf augment the flow of minority carriers at the junction increases and the photocurrent also increases
up to a limit value (short-circuit current Jcc) where the photocurrent varies very little with Sf. This Sf limit value
corresponds to the recombination velocity at the junction initiating the short circuit (sfcc) [19]. We are also
seeing that a increase of the electric field causes in an increase of the photocurrent for all operating points of the
solar cell. This result shows that the electric field, by conduction, increases the flow of carriers across the
junction. We also observe a decrease in the photocurrent with increasing temperature and this decreasing
becomes very important when the electric field increases.
2.3. Determination of the recombination velocity at the junction initiating a short-circuit condition.
The profile of the photocurrent density has showed a tray for high values of the recombination velocity at the
junction. This value of the photocurrent density corresponds to the short-circuit current whose abscissa define
the recombination velocity initiating the short circuit. We then obtain a short-circuit condition; from which
following equation is deduced:

JphSf , T , E   Jcc (T , E )  0

(12)

The sort-circuit current (Jcc) is given by :
Jcc (T , E )  lim Jph ( Sf , T , E )
Sf  Sfcc

(13)
The recombination velocity at the junction initiating the short-circuit (Sfcc(T,E) is given by:
3
S  D(T ). (T ).Sb(T , E).Ch (T ).H . Y1   (T ).E.X 1    (T ). (T ).X 1 .D(T ). (T ).V1  Z1 .D(T ).bi    (T ).E.X 1 .Y1  D(T ).bi .U 1 
Sfcc (T , E )   1
  (T ). (T ).Z 1 . X 1   (T ).E  bi U 1   (T ).E.U 1 X 1  Y1  1  bi . X 1   (T ).EX 1 U 1
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The back surface recombination Sb(T,E) can be expressed
 (T )  bi  ch( (T )  H   e H (  (T )b )  [ 2 (T )   (T )  bi   (T ) ]  sh( (T )  H )
 (T )  ch( (T )  H )  e H (  (T )b )   bi   (T )   sh( (T )  H )
i 1
3

Sb(T , E )  D(T )  

i

i

(14-7)

We plot in Figures 7a, b, c, d, e, f, g, h the relative values of the recombination velocity at the junction initiating
the short-circuit and the short- circuit current versus the temperature for different values of the electric field.

a)

E=0V/cm

b)

E=2V/cm
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d)

c)
E=4V/cm

E=3V/cm

e)
E=5V/cm

f)

E=6V/cm

h)
E=10V/cm
g) E=8V/cm
Figure 7: the relative values of recombination velocity at the junction initiating the short-circuit and the shortcircuit versus the temperature for different values of electric champ.
The figure 6 show a decrease the relative values of the recombination velocity at the junction initiating the
short-circuit and of the short-circuit current when the temperature increases. This decrease becomes very
important when the electric field increases. We also observe a point of intersection for each figure and this point
corresponds to a value of the temperature T: this value is the temperature at which the recombination velocity at
the junction which initiates the short circuit [21] is obtained. This value of temperature decreases with the
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increase of the electric field (see Figures 8a and b). Indeed, the short circuit condition is a solar cell operation
point where the minority carriers density that cross the junction is maximum. The increase of the electric field
allow, by conduction (in addition to the diffusion), increase of the density of minority carriers which cross the
junction. This means that in presence of a electric field , the short-circuit situation can be achieved same for the
low values of Sf.

Figure 8a: Junction recombination velocity
initiating the short-circuit versus temperature for
different values of electric fied

Figure 8b: Temperature versus electric field

3. Conclusion
In this study the expression of the charge minority carrier density is determined and its variation as a function of
depth in the base for different electric field values is presented. The expression of the photocurrent is deducted
from that of the charge minority carrier density and its change according to the recombination velocity at the
junction for different values of electric field and for different temperature values is proposed. Thus, the
recombination velocity at the junction initiating the short circuit is determined. The relative values of this
velocity and those of the short-circuit current of current were studied in function of temperature for different
values of the biasing electric field. This study showed that the external electrical bias augments the flow of
charge minority carriers at the junction. Thus, when the electric field increases, the recombination velocity at the
junction initiating the short circuit (sfcc) decreases. The study also showed that, the recombination velocity at
the junction initiating the short- circuit decreases when the temperature increases. This decrease becomes
important when electric field values are intense.
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