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Abstract - In this paper, we study the influence of the
electric field on the junction recombination velocity
for a silicon solar cell in open circuit condition. The
excess minority carrier’s density in the base is
determined from the continuity equation. The
photovoltage and the open circuit voltage are
obtained from the excess minority carrier’s density.
We study, the junction recombination velocity
limiting the open circuit and the open circuit voltage
for different electric field.
Keywords - Silicon Solar Cell,
velocity, Open circuit voltage.

Recombination

I. INTRODUCTION
Photovoltaic conversion is a direct transformation of light
into electrical energy through a solar cell device.
Because of their modest performance, many studies have
been conducted in order to improve their quality during
the different production phases [1] and characterization
techniques under both, static [2] and dynamic modes
(transient and frequency) [3]. Our contribution in this
work is to study the effect of electric field polarization on
recombination and electrical parameters [4]-[5]-[6].

II. THEORY.
We consider a n+pp+ solar cell type [7]-[8]-[9], under
polychromatic illumination and external electric field
polarization by applying a voltage. The effect of external
electric field is studied with Quasi Neutral Base (QNB)
theory [10].
Figure 1 shows the structure of the solar cell.

II.1. Determination of the minority carrier’s density
The continuity equation for the excess minority carrier’s
density photo-generated in the base under influence of
the electric field is:

 2 ( x)  .E  ( x) G x    x 



 2 0
x 2
D
x
D
L

(1)
δ(x) is the excess minority carriers density according to
the depth x in the base;
D and L are respectively diffusion coefficient and
diffusion length;
Whether µ is the carrier mobility and E is the electric
field;
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LE is the diffusion length under electric polarization
Equation (1) becomes:
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The generation rate expression [11] at the x depth in the
base can be written in the following form as
3
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The parameters ai and bi stem from the modeling of the
incident illumination as defined under A.M 1.5 condition
[12].
Where, a1 = 6.13x1020 cm-3/s; a2 = 0.54x1020 cm-3/s; a3
=0.0991x1020 cm-3/s; b1 = 6630 cm-1; b2 = 103 cm-1; b3
=130 cm-1;
The solution δ(x) of the carriers’ diffusion equation (1) is
presented by the following equation.
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Figure 1: n+pp+ Solar cell under electric polarization and
polychromatic illumination.
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The coefficients A and B are obtained with the boundary
conditions at the emitter – base junction and at the back
surface of the cell [12, 13]:
-at the junction (x=0):
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-at the back surface (x=H):
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Sj and Sb are respectively the junction and back surface
recombination velocities [14, 15].
We plot in figure 2 the minority carrier’s density versus
base depth for different electric field values.

Figure 3: Photovoltage versus junction recombination
velocity for different values of electric field
(µ=103cm2V-1s-1, L=0,02cm, H=0,03cm, D=26cm2.s-1)
II.2. Determination of the junction recombination
velocity in open circuit condition.
For the low junction recombination velocity values,
photovoltage is maximum. Indeed, the charge carriers are
stored at the junction, leading to a maximum of minority
carrier’s density. We then obtain an open circuit
condition; from which following equation is deduced:
Vph (Sj) - Voc =0
(9)
The open circuit voltage (Voc) is given by:

Figure 2: Minority carrier’s density versus base depth for
different values of electric field (Sj=4.104cm/s,
µ=103cm2V-1s1, L=0,02cm, H=0,03 cm, D=26cm2.s1
,Sb=104cm/s)
II.2. Photovoltage
The expression of the photovoltage is obtained from the
Boltzmann relation
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VT is the thermal voltage, ni the intrinsic carrier density at
thermal equilibrium and NB the base doping density.
We plot in figure 3, the photovoltage versus junction
recombination velocity.

Voc Sj lim SjocVph (Sj)
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The recombination velocity at the junction is expressed
by:

U .Y  D.bi .Z  W . X
X .Z  T .Y

Sjoc 
With:



(11)



X  D 2 . 2  D.  Sb.D. Sh(.H ) 

D. .Sb.Ch(.H )

(11-1)

D.bi .D..Ch(.H )  D.  Sb.Sh(.H )

(11-2)

Y  D..Sb  D.bi e  H . bi  

W  D. .Sb  D.bi e  H .  bi 

Z  D..Ch(.H )  ( D.  Sb)Sh(.H )

T  ( D.  Sb) Sh(.H )  D..Ch.H 

U  D .  D. .D.  Sb
2

(11-3)
(11-4)
(11-5)

2

(11-6)
The back surface recombination can be expressed as [13].
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We plot in Figure 4, the junction recombination velocity
limiting the open circuit and the open circuit voltage
versus the electric field.
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Figure 4: Junction recombination velocity and open
circuit voltage versus electric field
(D=26cm2/s, µ=103cm2.V-1s-1, τ=10-5s)
Figure 4 shows that the applied electric field decreases
the open circuit voltage and increases the junction
recombination velocity limiting the open circuit. Indeed,
the electric field increases the flow of minority charge
carriers across the junction. This means that the electric
field sweeps carriers across the junction. This
phenomenon brings about a decrease in the amount of
carriers stored to the junction, which lowers the open
circuit voltage. The increase of the junction
recombination limiting the open circuit is promoted by
the electric field polarization. At the intersection of the
two curves, we obtain a value of the electric field which
limited the open circuit voltage (3.7 V/cm) [16].
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CONCLUSION
In this work, the excess minority charge carriers density
in the base is determined and plotted versus base depth
for different values of electric field. The photovoltage is
deducted from the minority carrier’s density and their
profile depending of junction recombination velocity for
different electrical field values is presented. Thus, the
junction recombination velocity limiting the open circuit
operating point is studied for different values of electrical
field
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