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Abstract

In this work, a theoretical study on the photoconductivity of a bifacial silicon solar cell under monochromatic
illumination and constant magnetic field is presented. Analytical expression of the photoconductivity is established
according to base depth, illumination wavelength, junction recombination velocity and magnetic field value.
The photoconductivity profile versus wavelength shows two energy absorption peaks corresponding to specific
wavelengths. Based on a linear model of the photoconductivity versus junction recombination velocity, in a given
interval, we determine an equivalent capacitance which depends on both wavelength and magnetic field.
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Introduction

The photoconductivity is obtained when there is a change in the
electrical conductivity of a conductor or a semi-conductor material
under electromagnetic radiation [1]. It is linked to the number of
free electrons in the conduction band, the number of holes in the
valence band, the recombination centers and the impurities doping
concentration in a solar cell. Photoconductivity is a characteristic
quantity of solar cells allowing access to the density of states and
trapping centers in the forbidden band. Therefore, several studies
have been conducted on the photoconductivity [2-5]. In particular,
in transient state [6,7] a relationship has been founded between the
photoconductivity, the average lifetime and the generation rate of
photogenerated minority carriers. They deduce from this relationship,
the density of states that varies with the absolute temperature. In
steady-state, in one hand, without magnetic field, some authors [8-16]
determined the photoconductivity according to the temperature, the
generation rate, the photocurrent, the incident photons flux (or incident
energy) in order to deduce the density of states, and some electrical
properties of semiconductors cells. On the other hand, with magnetic
field, other researchers [17,18] determined the photoconductivity
according to the wavelength, the magnetic field and the incident
power. They found the existence of absorption levels which correspond
to activation energy and then a negative photoconductivity for certain
semiconductor materials.

The purpose of this paper is to determine, by use of the Driide
model and the continuity equation, the photoconductivity according
to the wavelength, the applied magnetic field, the base depth and the
junction recombination velocity of a silicon solar cell.

Theory

In Figure 1, we present, a 3D model of an n*-p-p* type of a bifacial
silicon solar cell [19,20] under magnetic field [21-23].

When the solar cell is irradiated with a monochromatic light,
generation and recombination of electron-hole pairs occur in the
base. Excited electrons from the valence band, can be trapped in the
forbidden band or move directely towards the conduction band by
leaving holes behind. The excess of electrons as called excess minority

carriers in the p-type base, are subjected to the electrical force gE,

Lorentz force gv A B and frictional force — 7‘7 during their diffusion

n

in the crystal lattice; q and 7, are respectively the elementary charge and
the average lifetime of electrons in the base; ¥ is the electron velocity;
E the electric field of the base; B the applied magnetic field.

By applying the basic dynamic principle on electrons, we get eqn. (1):

dv - = -

m—v:qE+qV/\B—ﬁv (1)
dt T,

In steady-state, eqn. (1) becomes [24]:

q]:—“+q\7/\l§—ﬂ\7 =0 (2)

T

Let’s write v and V in the form:

E=Ei+Ej+Ek (©)

V=vi+ v)j + vzlg et B=Bj (4)

Substituting eqns. (3) and (4) in eqn. (2), we deduce the velocity
components below:
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Figure 1: An n*-p-p* bifacial silicon solar cell under magnetic field. d and H are
the emitter and base thicknesses respectively.
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The set of eqns. (5)-(7) can be rewritten in matrix form:
K, 0 __ B
v | (1+48%) (1+8°) |(E,
vl=| 04 0 E, ®
VZ /ujB O /uu EZ
(1+42B) (1+42B)

Furthermore the current density is the photoconductivity tensor
times the electric field as given by eqn. (9):

J :(G)E )
From eqn. (9), we obtain:
1 0 -u,B
(a)z(lqu;z) 0 (1+428%) 0 (10)
B 0 1

T
Where, 4, =45
m

is the electron mobility in the base without

magnetic field; &, is the excess minority carriers density in the base.

Now, to simplify our study, we consider only the x axis and neglect
the grain boundaries recombination. Then, the expression of the
photoconductivity can be written as:

41,9,
O =7 5.5\ 11
ph (1 + ﬂuz Bz) (11)
We see that, the photoconductivity depends on the excess minority
carrier’s density and magnetic field. In steady-state, excess minority

carriers flow is governed by the continuity equation:

0°6, 0, _

24 -G (12)
ox” T,
With D being the minority carrier’s diffusion coefficient given by:
D,
=T (13)
1+ B

Where D, is the minority carriers diffusion coefficient without
magnetic field; G is the minority carriers generation rate [25] at
position x, whose expression is:

G=a(A)p(1-R(A))e " (14)

a(X) and R(A) are respectively the absorption coeflicient and the
reflection coefficient at wavelength A; ¢ is the incident photons flux
that is supposed relatively constant in this work.

A solution of eqn. (12) is given by:
a(A)Lg(1-R(A))e
D,(a(2) L, -1)

X

5 =de ' +Cer —

n

(15)
with:
L =Dz et(a(/?.)z L —1) £0 (16)

L, is the minority carrier’s diffusion length in the base.

To obtain the complete expression of the minority carriers density,
we have to determine coefficients A and C by using the following
boundary conditions [26,27]:

. At the junction (x=0),

D% _gs| (17)
X -0 x=0
. At the back side (x=H),
Dn.% =-5b.0,| _ (18)
ox |,_p x=H

Where Sf and Sb are respectively junction recombination velocity
and back surface recombination velocity. The recombination velocity
Sfis the sum of the junction recombination velocity due to the external
load that defines the solar cell operating point and the intrinsic junction
recombination velocity that materializes an effective recombination
velocity of the minority carriers at the emitter-based interface.

To minimize the minority carriers losses at the rear side, we assume
the back surface recombination velocity $6=200 cm.s™.

Results and Discussion

In Figure 2, the photoconductivity is represented according to
the base depth for different wavelengths. These curves show that
photoconductivity decreases with the base depth. In the vicinity
of the junction, at a given operating point of the solar cell, the
photoconductivity is maximum because of the important number of
photogenerated minority carriers. This can be explained on the one
hand, by a high absorption of incident photon in the vicinity of the
junction and on the other hand by the decrease of the base absorption
due to the Beer-Lambert law and possible recombination of minority
carriers in the bulk. We note that for the three wavelengths A=0.3 pm,
A=0.5 pm and A=0.7 um, the photoconductivity increases in the vicinity
of the junction since absorption at the surface is more important than
for the bulk. For the wavelength A=0.9 pm, the photoconductivity
decreases if compared to that obtained with wavelength 0.3 um in
the vicinity of the junction but in the bulk of the base, the absorption
of the infrared wavelengths can be more important. Therefore,
there is a specific wavelength which corresponds to a maximum
photoconductivity of the solar cell.

Figure 3 presents the photoconductivity according to the
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Figure 2: Photoconductivity versus base depth for different wavelengths.
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Figure 3: Photoconductivity versus wavelength for different magnetic field
values.

HB=0T
1 ) B=5104T
NB=100T

Photoconductivity (0em?)

~wme-copo—o=

22108 4=100 Gx10®

Junction recombination velocity Sficm.s )]

Figure 4: photoconductivity versus junction recombination velocity for different
magnetic field values.

wavelength for different magnetic field values. We note the same
appearance for all these three curves of photoconductivity according to
the wavelength. For a given curve, the maximum of photoconductivity
is localized within the visible domain of wavelengths. There are two
peaks of photoconductivity corresponding to two specific wavelengths.
The first peak corresponds to the wavelength A=0.34 pm for the three
curves while the second, for curves 1 and 2, corresponds to A=0.8 pm.
For curve 3, the second peak corresponds to the wavelength A=0.82 pm.
The corresponding photons energies of wavelengths 0.34 pum, 0.8 um
and 0.82 pm, are respectively 3.7 eV, 1.6 eV and 1.5 eV. The first energy
(3.7 eV) is attributed to an activation energy of the recombination
centers within the forbidden band gap and the second one (1.6 eV or
1.5 eV) to an inter-band absorption i.e valence band to conduction
band since characterized by high absorption coefficient. Beyond the
second peak on Figure 3, the base of the solar cell becomes more and
more transparent to the wavelengths because of a feeble absorption
coeflicient of the material so that the photoconductivity also decreases.

Figure 4 shows that the photoconductivity decreases with the
increase of the junction recombination velocity since there is an
increase of the excess minority carriers through the junction. For a
given magnetic field, we can see, three regions:

o The first, in the range (0 cm.s’; 2.102 cm.s ™) where the solar cell
operates near open circuit with a quite constant photoconductivity.
The excess minority carriers are stored near the junction since they
haven’t enough kinetic energy to cross this junction;

Table 1: Afew values of Cand O, .

o The second region, in the range (2.102 cm.s’; 5.105 cm.s’),
corresponds to a variable operating point of the solar cell
and where the photoconductivity decreases with the junction
recombination velocity. The photogenerated minority carriers
have gradually more and more kinetic energy that permits
them to cross the junction while the load decreases. That
situation leads to the decrease of the minority carriers storage
near the junction;

+ Thethird region where the solar cell is operating in short circuit
in the range (5.105 cm.s?; 7.107 cm.s?). The photocreated
minority carriers have enough kinetic energy to cross the
junction. There is no more significant storage of the minority
carriers and the photoconductivity remaining constant is lower
than that corresponding to the open circuit situation.

Figure 4 also shows that magnetic field causes a decrease
in the magnitude of the photoconductivity: it is the magneto-
photoconductivity effect. In fact, with a magnetic field, there is a
magnetic force that acts on the minority carriers by deviating them
from their initial trajectories and deflecting them towards the surface
or the dandling states.

In order to determine the capacitance of the solar cell, when
considering the space charge region as a plan capacitor in the range
(2.102 cm.s’'; 5.105 cm.s!), we can apply the linear model of this part
of the photoconductivity behavior. We obtain a relationship between
the photoconductivity and the junction recombination velocity in the
form:

O =-C.Sf +0 (19)

Where 0, corresponds to the photoconductivity in open circuit;
(-C) is the slope of the linear part that’s concerned here and C being
the capacitance.

Table 1, presents the values of C and 0, for different magnetic
field values. Both capacitance and photoconductivity in open circuit
decrease with the magnetic field. The decrease of the capacitance and
the photoconductivity is linked to the lake of minority carriers in
the space charge region since there is no significant storage of these
photogenerated carriers.

Conclusion

A theoretical study on the photoconductivity of a bifacial silicon
solar cell has been done. From the photoconductivity profiles
according to the wavelength and the base depth, a maximum value of
photoconductivity can be either obtained with a specific wavelength
or in the vicinity of the junction. These two cases above may help in
optoelectronic applications and magnetic field detection, to use an
optimum base thickness and to choose judiciously a wavelength that
gives higher photoconductivity. By means of the linear model of the
photoconductivity versus the junction recombination velocity, an
equivalent capacitance has been determined when considering the
space charge region of the solar cell modelled as a plan capacitor.
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