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Abstract

In this work, we present a theoretical study of the bifacial polycrystalline sili-
con solar cell in static regime under the effect of the illumination level using
the Mathcad software, along with a comparative study with experimental re-
sults. Minority carrier density profiles accounting for the illumination level,
recombination velocities at the junction and at the back surface have been
plotted as a function of depth in the base. From these carrier densities, other
parameters, photocurrent, photovoltage, I-V characteristic and power, were
derived. Two operating modes of the solar cell (current or voltage generator)
are described, corresponding to high and low recombination velocities at the
junction, respectively. The theoretical results are in good agreement with the
experimental results obtained in 2012 by Ly, Ibrahima et a/ Furthermore, the
power study showed that the power obtained from simultaneous illumination
of both faces is greater than that obtained from the front or rear face alone.

Keywords

Bifacial Photocell, Carrier Density, Photocurrent, Photovoltage, Power, Static
Regime, Recombination Velocity, Open Circuit, Short Circuit

1. Introduction

The direct conversion of sunlight into electricity is made possible by solar photo-
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voltaic technology. This method is based on the use of photovoltaic cells called
solar modules that capture photons present in sunlight and transform them into
electric current [1].

Photovoltaic energy is considered a clean and renewable energy source because
it does not generate greenhouse gases or air pollution during its operation. It has
many advantages such as durability, reliability and ease of deployment. Solar
modules can be installed on roofs, ground structures or integrated into portable
devices [2].

In recent decades, photovoltaic technology has experienced considerable
growth, characterized by constant improvements in the efficiency of solar cells, a
reduction in production costs and an increase in global production capacity. Pho-
tovoltaic installations have become widespread both on a large scale in solar parks
and on a small scale on rooftops, thus contributing to the energy transition [3].

Bifacial solar cells with polycrystalline silicon are particularly interesting be-
cause they can capture light from both sides (front and back), thus improving their
overall energy production. This type of solar cell is subject to various types of il-
lumination (white, monochromatic or multispectral light) depending on the con-
ditions of use. Modeling and simulation are essential tools to understand and op-
timize the electrical parameters of these devices.

In this work, we carry out a theoretical study of the n*-p-p* polycrystalline sili-
con bifacial solar cell in static regime under multispectral illumination, using the
Mathcad software. We analyze the influence of the level of illumination on mi-
nority carrier density profiles, photocurrent, photovoltage, current-voltage char-
acteristic (I-V) and power, for three illumination modes: front face, back face and

simultaneous illumination of both faces.

2. Materials and Methods

2.1. Presentation of the Silicon Bifacial Solar Cell

The solar cell under study is a bifacial polycrystalline silicon n*-p-p* solar cell,
whose structure is shown in Figure 1. It consists of four distinct parts:
* The n* type emitter (front face): the most heavily doped region, which re-
ceives incident light and collects electrons.
* The p-type base: weakly doped with acceptor atoms; electrons are minority
carriers.
* The rear panel of type p*: p* overdoping generating a back surface field (BSF)
that repels minority carriers generated near the backside toward the junction.
* The emitter-base junction (space charge region): the internal electric field
separates the electron-hole pairs generated by the absorption of photons.
The solar cell is subjected successively to three illumination modes. front face
(a=1), back face (a = 2), and simultaneous illumination of both faces (a = 3). The
study is conducted in a static regime, which means that all parameters are inde-

pendent of time.
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Figure 1. Structure of an n*-p-p* silicon bifacial solar cell [4].

2.2. Physical Model and Equations

The model is one-dimensional, with the junction (x = 0) and the base extending
to x = H as its origin [5]. The contribution of the emitter is neglected given its
small thickness (about 1 um). In the static regime under multispectral illumina-
tion, the density of excess minority carriers in the base obeys the continuity equa-

tion.

05,(x) 8,(x) _ G,(x) (1)

o’ r D

where:

* 8,(x): Denotes the density of excess minority carriers as a function of depth
xin the base according to the different illumination modes;

* [L: Diffusion length of minority charge carriers in the base. It represents the
average distance traveled by minority carriers before their recombination;

* D Diffusion coefficient of minority carriers in the base;

* G, (x): Rate of generation of minority carriers at a distance x from the solar
cell junction.

The generation rate Gu(x) expressed as a function of the light absorption depth

xin the base can be written as follows [6]:

G, (x)=n 'Zsla,» (&, e g, e ] @)

i=1
where n is the illumination level. The absorption coefficients for the AM1.5 spec-
trum are:
a=6.13x 10 cm™>s™" 2, = 0.54 x 10®° cm™s7; a3 = 0.0991 x 10*° cm s~

b =6630cm™; b,=10*cm™; b3 =130 cm™!

The &, and y, parameters are defined according to the illumination mode
(Table 1).
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Table 1. Values of the parameters & and y. depending on the illumination mode [7] [8].

Illumination mode & Xa
Front-facing lighting (a = 1) 1 0
Backside illumination (a = 2) 0 1
Simultaneous illumination (a = 3) 1 1

Boundary conditions are written: at the junction (x= 0): dd4/ dx = (Sf/ D)-04(0);
to the rear face (x= H). 0./ 0y = —(Sb./ D)-0,( H), ou Sf, et Sb, are the recombina-
tion speeds at the junction and on the rear face, respectively.

The parameter values used in the simulation are. L= 0.015 cm; D= 26 cm?/s; H
=0.03 cm; M= 10" cm™; ; = 10" cm™; T'= 300 K. These values are consistent

with the reported experimental data for polycrystalline silicon under AM1.5.

2.3. Expressions of Photocurrent, Photovoltage, and Power

* Photocurrent density

The photocurrent density is deduced from Fick’s law applied to the junction.

96, (x)
Jpha :q'Aa DT

(3)
x=0

For recombination speeds S1; > oo, /.4, reaches a constant value corresponding
to the short-circuit current J .

A, denotes the illuminated active area of the solar cell for illumination mode «a
(the front-face area for a = 1, the rear-face area for a = 2, and the sum of the front-
and rear-face areas for the simultaneous mode a = 3), used to convert the photo-
current density /s (mA/cm?) into the photocurrent Lsa = Ao Jpra (MA), and the
power density 2, (mW/cm?) obtained from Equation (5) into the electrical power
P, (W) = AP, (mW), for a cell of a given physical surface area.

* Photovoltage
The photovoltage is deduced from the carrier density at the junction via the

Boltzmann relation.

n

i

v, =7, h{izbaa (0)+1J (4)

where V, = KT
q

* Electrical power

is the thermal voltage (~0.026 V a 300 K).

Taking into account the diode current J

i » the power per unit area is writ-

ten.

Vphzx

P, =Vl T —aShy| 147 (5)

All these expressions have been implemented in MATHCAD and evaluated as
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a function of the recombination rate Sf,, at the junction, for the different illumi-
nation levels n and the three illumination modes.

The illumination level n used throughout Equation (2) is a dimensionless mul-
tiplicative factor applied to the AM1.5 reference spectral irradiance from which
the absorption coefficients ai and bi were derived; n = 1 corresponds to one stand-
ard sun (AML1.5G, total irradiance ~ 100 mW/cm?), and the sub-unity values used
in this study (n = 0.065, 0.175 and 0.375) correspond to fractions of this reference
irradiance, consistent with the illumination conditions reported by Bernard (2006)
and with the experimental levels used for validation against Ly et al. (2012).

For the simultaneous illumination mode (a = 3), the same illumination level n
is applied to the front and rear faces simultaneously (& = y3 = 1 in Equation (2))
rather than a fixed total irradiance being split between the two faces. Consequently,
for a given n the total incident energy under simultaneous illumination is twice
that received under single-face illumination, and part of the higher photocurrent,
photovoltage and power obtained for this mode reflects this larger total input ra-
ther than a purely bifacial gain. A strictly energy-normalized comparison between
modes would require halving n on each face for the simultaneous case, which is
not done in the results presented here and is left for a dedicated bifacial-gain anal-
ysis in future work.

In Equation (5), Sf denotes the recombination velocity associated with the
diode dark (saturation) current; it is taken as a fixed, mode-independent param-

eter and is used, together with the thermal voltage V7 to represent the reverse

Vphot

dark current ¢Sf,| 1+e'" | that is subtracted from the illuminated photocur-

rent /.4, to obtain the net current used to compute the power P, for each illumi-
nation mode.

All expressions for Ouw, Jose» Vaand P, were implemented in Mathcad by solving
the linear second-order ordinary differential Equation (1), together with its
boundary conditions at x= 0 and x= /, in closed analytical form (a homogeneous
cosh/sinh solution plus a particular solution driven by the exponential generation
term Guw); the resulting closed-form expressions were then evaluated numerically
over a logarithmic sweep of the junction recombination velocity, Sf = 107 cm/s
with p varied from 0 to 6, for each illumination level n and each mode a. Unless
stated otherwise in a figure caption, all other parameters (L, D, H, Nb, n;, T'and
the back-surface recombination velocity Sb,) were held fixed at the values given
above.

For each illumination mode and level n, the current-voltage (I-V) characteristic
shown in Section 3.4 was constructed parametrically. /,» and V, were both com-
puted as functions of the same junction recombination velocity S£; over the sweep
described above, and paired point-by-point at each value of 5%, to trace the Joua- Va
curve, using the dark-current assumption described for Equation (5) for all three

illumination modes.
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3. Results and Discussions

3.1. Density of Excess Minority Carriers as a Function of Depth in
the Base

3.1.1. llumination from the Front Face

The substitution of integration coefficients in the continuity equation makes it

possible to obtain the expression of the density of excess minority carriers for an

illumination by the front face of the solar cell. The density profiles are illustrated

in Figure 2 for different levels of illumination.

In the vicinity of the junction (x = 0), a carrier storage is observed, which cor-
responds to a maximum density of minority carriers when the recombination rate
is low (open circuit). The carrier density decreases as one moves away from the
junction towards the rear face. The increase in the level of illumination leads to
an increase in the density of minority carriers, especially at the junction. This ef-
fect becomes negligible for a depth greater than 0.025 cm.
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Figure 2. Charge carrier density as a function of depth xin the base and for different levels
of illumination from the front face with S = 1000 cm/s; D= 26 cm?/s; L= 0.015 cm et Sh
=1000 cm/s.

When the recombination rate at the junction increases significantly, the carrier
density d(x) decreases. This behavior illustrates the transition from open circuit
mode (5> 0, maximum density) to short-circuit mode (high 4 low density at the
junction). Figure 3 shows the influence of the recombination rate at the junction
on the carrier density for a fixed illumination level 7= 0.2.

According to the curve, the recombination rate at the junction increases, which
leads to a decrease in the minority charge carrier density.

3.1.2. lllumination from the Rear Face

For backside illumination, the carrier density increases from the junction to a
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maximum located at the backside of the base (positive gradient in this area). This
behavior is the opposite of what was observed for front side illumination. Figure

4 shows the profiles for different levels of illumination n.
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Figure 3. Carrier density as a function of depth x in the base for illumination from the front

face and for different recombination speeds at the junction with D= 26 cm?/s; n=0.2; Sf=
300 cm/s L =0.015 cm; A= 0.03 cm; Sh = 4000 cm/s.
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Figure 4. Charge carrier density as a function of depth x in the base and for different levels
n of illumination through the rear face with S£ = 1000 cm/s; D = 26 cm?/s; L= 0.015 cmy;
H=0.03 cm et Sh, = 1000 cm/s.

Figure 5 illustrates the influence of the recombination rate at junction Sf, for

different values and for an illumination level n=0.2. Whatever the recombination
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rate at the Sf, junction, the carrier density increases with depth x up to a maxi-
mum, then decreases. In the decreasing zone, carriers can no longer cross the
junction and recombine. When Sf, is very high (short circuit), the junction den-
sity is almost zero.
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Figure 5. Carrier density as a function of depth xin the base for illumination from the rear
face and for different recombination speeds at the junction with D = 26 cm?/s; n = 0.2; St
=300 cm/s; L= 0.015 cm; H=0.03 cm; Sb, = 40,000 cm/s.

3.1.3. Simultaneous Illumination of Both Sides
For simultaneous illumination, the carrier density has two maxima. one at the
junction (influence of the front face) and the other at the rear face (influence of

the rear face). Figure 6 illustrates these profiles for different levels of illumination.
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Figure 6. Density of charge carriers as a function of depth x in the base and for different
levels n of simultaneous illumination with S = 1000 cm/s; D = 26 cm?/s; L = 0.015 cm; H
=0.03 cm et $h; = 1000 cm/s.
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Figure 7 shows the influence of the recombination rate at the Sf; junction
for simultaneous illumination. The density decreases with the increase of Sf;;
this effect attenuates as we move away from the junction, to become almost zero
at the end of the base (xbetween 0.028 and 0.03 cm).
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Figure 7. Carrier density as a function of depth x in the base for simultaneous illumination
and for different recombination speeds at the junction Sf with D =26 cm?/s; n=0.2; L=
0.015 cm; H=0.03 cm et Sbs = 40,000 cm/s.

3.2. Study of the Current Density for Different Illumination Modes
3.2.1. Current Density for [llumination from the Front Face
Figure 8 illustrates the variation of the photocurrent density as a function of the

recombination rate at junction Sf, for different illumination levels n, for illumi-

nation from the front face.
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Recombination velocity at the junction Sf (cm/s)

Figure 8. Current density as a function of the recombination rate at the junction Sf for
different values of n for illumination by the front face of the solar cell with D= 26 cm?/s; L
=0.015 cm et Sh = 1000 cm/s.
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For low values of Sf, (open circuit), the photocurrent density is almost zero
because the carriers are blocked at the junction. When Sf| increases, the current
gradually increases until it reaches a constant value corresponding to the short-
circuit current. The photocurrent density increases with the level of illumination
n, which is explained by the increase in the density of minority carriers under

more intense illumination [8].

3.2.2. Current Density for Backlighting
Figure 9 illustrates the variation of current density as a function of recombination

rate at junction Sf, for different illumination levels n, for backside illumination.
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Figure 9. Current density as a function of the recombination rate at the St for different
values of n for illumination by the rear face of the solar cell with D =26 cm?*/s; L =0.015
cm et Sh, = 1000 cm/s.

The current density profiles present a similar pattern to those obtained for the
front side illumination. However, the short-circuit photocurrent density for a
front face illumination is higher than that obtained by the rear face [8]. The level

of illumination leads to an increase in photocurrent density in both cases.

3.2.3. Current Density for Simultaneous Illumination of Both Sides
Figure 10 shows the variation profiles of photocurrent density J,,, asafunction
of recombination rate at junction Sf; for different illumination levels n.

The photocurrent density for simultaneous illumination is higher than those
obtained for front or rear face illuminations alone. The density of the currents

increases according to the level of lighting.

3.2.4. Comparative Study of Current Densities for Different Illumination
Modes

Figure 11 presents a comparison of the photocurrent curves for the three illumi-
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nation modes (front face, rear face, simultaneous) at an illumination level n = 1.
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Figure 10. Current density as a function of the recombination rate at the junction S for
different values of n for simultaneous illumination of both sides with D = 26 cm?/s; L =
0.015 cm et $bs = 1000 cm/s.
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Figure 11. Current density as a function of the recombination rate Sz, for different illumi-
nation modes with n=1; A= 0.03 cm; $bs = 1000 cm/s; D = 26 cm?*/s; L=0.015 cm.

For a given illumination level (2 = 1), the theoretical short-circuit current of

the front face is greater than that of the rear face, in accordance with the experi-
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mental results presented in Table 2. The short-circuit current of simultaneous il-

lumination is the highest of the three modes.

3.3. Study of the Photovoltage

3.3.1. Phototension for Illumination from the Front Face

Figure 12 shows the variation of the photovoltage as a function of the recombi-
nation rate at junction Sf, for front side illumination and for different illumina-
tion levels n.
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recombination velocity at the junction Sfl (cm/s)

Figure 12. Photovoltage as a function of the recombination rate Sf for different values of
n for illumination from the front face with D= 26 cm?/s; Sh = 1000 cm/s; H= 0.03 cm et
Sfi =107 cm/s.

The photovoltage is maximum and constant for low values of Sf, (open cir-
cuit, storage of carriers at the junction). When Sf, reaches high values, the volt-
age decreases and tends to zero (short circuit). The photovoltage increases with
the level of illumination, because the density of minority carriers, on which the

photovoltage directly depends, is higher under intense illumination.

3.3.2. Photovoltage for Illumination from the Back Side
Figure 13 illustrates the profile of photovoltage V, as a function of recombination
rate at the junction Sf, for different illumination levels n.

The rear side photovoltage profiles have the same overall appearance as those
on the front side. However, for the same level of illumination, the photovoltage

for a front side illumination is higher than that obtained by the rear side.

3.3.3. Photovoltage for Simultaneous Illumination of Both Sides
Figure 14 shows the profile of the photovoltage Vs as a function of the recombi-
nation rate at the junction Sf; for different illumination levels n and for simul-
taneous illumination.

The photovoltage V; remains constant and maximum when Sf; is low (open

circuit), then rapidly decreases to zero for high values of Sf; (short circuit). The
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photovoltage increases with the level of illumination, in accordance with the

trends observed for the other modes.
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Figure 13. Photovoltage as a function of the recombination rate S# for different values of
n for illumination from the rear front with D = 26 cm?/s; Sb, = 1000 cm/s; A = 0.03 cm et
St =107 cm/s.
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Figure 14. Photovoltage as a function of the recombination rate S£ for different values of
n for simultaneous illumination with D = 26 cm?/s; Sbs = 1000 cm/s; H = 0.03 cm et S5 =
107 cm/s.

3.3.4. Comparative Study of Photovoltages for Different Types of
Illumination

Figure 15 compares the photovoltage as a function of the recombination rate at
the junction for the three illumination modes at n = 1.

For a given illumination level (n = 1), the open-circuit voltage obtained by sim-
ultaneous illumination of both sides is higher than that of the front and rear faces,

in accordance with the experimental result from Table 3.
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Figure 15. Photovoltage as a function of the recombination rate Sz for different types of
illumination and for n =1 with D= 26 cm?/s; L= 0.015 cm; A = 0.03 cm; S£; = 1000 cm/s.

3.4. Study of the Current Density-Photovoltage (I-V)
Characteristic

3.4.1. Characteristic I-V for Different Levels of lllumination from the
Front Face
Figure 16 shows the current-voltage characteristic I-V obtained for illumination

from the front face and for different levels of illumination n.
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Figure 16. Characteristic I-V for different values of n for a front side illumination with S&
=1000 cm/s; D= 26 cm?/s; H=0.03 cm; L= 0.015 cm.

For a voltage below 0.5 V, the current density remains practically constant, close
to the short-circuit current. Above 0.5 V, it rapidly drops towards zero in the vi-

cinity of the open circuit. The open-circuit voltage and the short-circuit current
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increase with the level of illumination, the variation in current being much greater

than that in voltage.

3.4.2. Characteristic I-V for Different Levels of Backlighting
Figure 17 shows the characteristic I-V for backlighting and for different levels of

illumination n.
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Figure 17. Characteristic I-V for different values of n for a rear side illumination with 55,
=1000 cm/s; D= 26 cm?/s; H=0.03 cm et L= 0.015 cm.

For a voltage below 0.45 V, the current density is practically constant and equal
to the back side short-circuit current. The current density and open-circuit volt-
age increase with the level of illumination, the increase in current being much

greater than that in voltage.

3.4.3. Characteristic I-V for Simultaneous Illumination
Figure 18 shows the variation in current density as a function of voltage for sim-

ultaneous illumination of both sides and different levels n.
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Figure 18. Characteristic I-V for different values of n for simultaneous illumination of both
sides with $bs = 1000 cm/s; D =26 cm?/s; H=0.03 cm et L= 0.015 cm.
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For a voltage lower than 0.5 V, the current density is constant (short-circuit). It
then decreases quickly to cancel itself at the open circuit point. The effect of the

illuminance level is more pronounced in the vicinity of the short circuit.

3.4.4. Comparative Study of I-V Characteristics for Different Illumination
Modes

Figure 19 compares the I-V characteristics of the three illumination modes for n
=1L

—— simultaneous
—— front surface
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Figure 19. I-V characteristic for different illumination modes and for n = 1; Sh. = 1000
cm/s; D =26 cm?/s; H=0.03 cm et L=0.015 cm.

Simultaneous illumination of both sides produces the highest current density
and open circuit voltage. The back side alone yields the lowest values. These re-

sults are consistent with experimental results from the literature [8].

3.5. Power of the Solar Cell for Different Lighting Modes and
Levels

3.5.1. Power for Illumination from the Front Face
Figure 20 shows the variations of the electric power P1 as a function of the re-
combination rate at junction S4 for different levels of illumination n.

There are four operating zones. 1) open circuit (low Sf, P = 0); 2) zone between
open circuit and maximum power; 3) zone between maximum power and short
circuit; 4) short circuit (high Sf, P = 0). The maximum power point is around p =

3.85. This point moves to the open circuit when the illumination level increases.

3.5.2. Power for Rear-Side Illumination
Figure 21 shows the variations in P, power as a function of Sf; for backside illu-

mination.
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Figure 20. Power of the solar cell illuminated by its front face as a function of the recom-
bination rate Sf at the junction, for different illumination levels 1 of the solar cell, Sh =
3-10° cm/s; et S = 10”7 cm/s.
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Figure 21. Power of the solar cell illuminated by its back surface as a function of the re-
combination rate S£ at the junction, for different illumination levels n of the solar cell, Sk,
=3-10° cm/s; et S£ = 10¥ cm/s.

The same four areas of variation are observed. For the same level of illumina-
tion, the power obtained by backlighting is lower than that of the front side, but
cannot be neglected.

3.5.3. Power for Simultaneous Illumination of Both Sides
Figure 22 shows the variations in P3 power as a function of Sf; for simultaneous
illumination.

The influence of the recombination rate at the junction on the power is similar
to the observations of previous modes. The maximum power is the highest for

simultaneous illumination.
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Figure 22. Power of the solar cell for simultaneous illumination of both sides as a function
of the recombination rate Sf at the junction, for different illumination levels 2 of the solar
cell with $bs = 3-10° cm/s; et S = 10”7 cm/s.

3.5.4. Comparative Study of Power Characteristics for Different
Illumination Modes

Figure 23 compares the power characteristics for the three illumination modes at

n=1.
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Figure 23. Power characteristics for different illumination modes and for n=1; $b,= 3-10°
cm/s; et Sfz = 107 cm/s.

For n = 1, the simultaneous illumination of both sides provides the highest
power, followed by the front side and then the rear side. This result is consistent

with the photocurrents and photovoltages obtained for each mode.

3.6. Comparison with Experimental Results

Table 2 presents a comparison of theoretical and experimental short-circuit cur-
rents for different levels of illumination, while Table 3 compares open-circuit

voltages.

DOI: 10.4236/sgre.2026.1710014

310 Smart Grid and Renewable Energy


https://doi.org/10.4236/sgre.2026.1710014

0. S. Oladapo et al.

Table 2. Comparison of the short-circuit currents Jc and Je (front and rear face) for different levels of illumination—Theoretical

and experimental results.

Illumination Theoretiscal Experimental Theoretical Experimental
(n) Jet (mA) Jer (mA) Jecz (mA) Jez (mA)
0.375 12 114 2.74 2.6
0.312 9.98 9.5 2.34 2.2
0.175 5.55 5.3 2.34 1.2
0.065 2.09 2 0.53 0.5
Reference [8]. [8].

Table 3. Comparison of open circuit voltages Vo1, Vo2 and Vo3 for different levels of illumination—Theoretical and experimental

results [8].
Ilum. Theo. Exp. Dev. Theo. Exp. Dev. Theo. Exp. Dev.
(n) Veor (mV) Vo1 (mV)  Veo1 (%) Ve (V) Vez (mV)  Veoz (%) Veos (mV)  Veos (mV)  Veos (%)
0.375 508 487 4.31 477 469 1.71 519 503 3.18
0.175 488 467 4.50 458 450 1.78 494 479 3.13
0.065 456 438 4.11 433 426 1.64 469 455 3.08
Reference [8]. [8]. [8].

Experimental J.. values are taken from Table 1 and experimental V., values
from Tab. 4 of reference [8]. The theoretical trends obtained (short-circuit current
and open-circuit voltage both increasing with illumination level, and simultane-
ous illumination outperforming either single-face mode) are consistent with the
experimental observations reported in reference [8]. Quantitatively, the theoreti-
cal short-circuit current densities deviate from the experimental values in refer-
ence [8] by about 4.5% to 6.4% for J. (Table 2), and the theoretical open-circuit
voltages deviate by about 1.6% to 4.5% (Table 3), which supports the concordance
claimed above.

4. Conclusions

In this work, we carried out a theoretical study by simulation of the n+-p-p+ pol-
ycrystalline silicon bifacial solar cell under multispectral illumination in static re-
gime, using the Mathcad software. The main objective was to analyze the influence
of the level of illumination and recombination velocities on the electrical param-
eters of the solar cell. minority carrier density, photocurrent, photovoltage, I-V
characteristic, and power, for three distinct modes of illumination (front, back
and simultaneous).

The results showed that the minority carrier density, photocurrent, photo-
voltage and power all increase with the level of illumination. The simultaneous
illumination of both sides systematically generates higher performances than
those obtained by illuminating only one side. The theoretical results are in good

agreement with experimental data from the literature [8], confirming the ob-
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served trends.

This work confirms the potential of bifacial solar cells for better use of solar
radiation. In perspective, it would be relevant to extend this study to the dynamic
regime (transient and frequency) and to explore the effect of other parameters
such as series resistance, shunt resistance and temperature on the performance of

the bifacial solar cell.
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