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Abstract - A three-dimensional model that simulates the performance of quasimonocrystalline porous silicon (QMPS) at the backside reflector of an elementary
polysilicon solar cell is developed. Analytical expression for the photocurrent generated
under the effect of the reflected light is derived in the base region. An improvement effect
is obtained on the photovoltaic parameters compared to conventional BSF polysilicon
solar cell (without QMPS). The QMPS layer gives an improvement which overtakes 4
mA/cm2 for the photocurrent, and 2.25 % for the cell efficiency. In addition, the effect of
the QMPS layer is more important for a thin solar cell with passivated grain boundaries.
Résumé - Un modèle tridimensionnel est développé pour déterminer la performance
d’une cellule solaire polycristalline avec du silicium poreux quasi-monocristallin (SPQM)
en face arrière. La couche du SPQM est considérée comme un miroir pour la lumière
permettant ainsi sa réflexion vers la cellule. Des expressions analytiques du photocourant
généré par cette lumière réfléchie dans la base sont obtenues. Une amélioration est
obtenue dans les paramètres photovoltaïques comparés à ceux d’une cellule
conventionnelle (sans SPQM). L’utilisation du SPQM en face arrière donne une
amélioration qui dépasse 4 mA/cm2 pour le photocourant, et 2.25 % pour le rendement de
conversion. De plus, l’effet du SPQM est plus important pour une cellule solaire mince
avec des joints de grains passivés.
Keywords: Polysilicon solar cells – Porous silicon – Rear surface – Light reflection.

1. INTRODUCTION
The potential of polycrystalline silicon for large scale terrestrial device application is
well recognized. It shares with single-crystal silicon numerous desirable physical and
chemical properties, while also showing great promise of reduced costs [1]. However,
Defects are usually undesirable in polycrystalline silicon because they affect
considerably the electrical properties of the semiconductor material by acting as charge
carrier recombination/generation centres [2]. The presence of electric active grain
boundaries in polycrystalline silicon is a serious limitation for the photovoltaic
efficiency in comparison to monocrystalline silicon [3].
Many experimental studies that have employed the thin monocrystalline silicon
cells, have used the porous silicon (PS) or quasi-monocrystalline porous silicon
(QMPS) as a backside reflector for thin monosilicon solar cell to enhanced the effective
thickness of crystalline silicon by the reflected light [4-6]. In addition, several
simulations models for thin monosilicon solar cells with QMPS layer or PS on rear side
have shown an improvement on the photocurrent as well as on the cell efficiency [4, 5].
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It is expected that, for the same reason, the use of the QMPS on the back surface of a
polysilicon solar cell may enhance the cell parameters. Considerable amount of
experimental work has been reported on the polysilicon solar cell with QMPS on rear
side, such as Nouri et al. [7] whose obtained an enhancement in the photocurrent
density about 1mA/cm2 for a thick solar cell ( H = 400 µm ).
The experimental study shows that the reflection due to the rear side for thin silicon
solar cell is about 90% [8]. So this layer can be considered as a mirror for the light.
Thus, the absorbed light in QMPS layer is very weak and the photocurrent generation in
this region is neglected [8].
An analytical study is deemed necessary for determining the potential uses of this
material as a backside layer in thin polysilicon solar cells. It is the purpose of this paper
to present a simple analytical solution for the participation carried by this material
(QMPS), to act as a backside reflector, on the cell photovoltaic parameters.
In this work, we consider an elementary N+/P/P+ polysilicon solar cell with a thin
film QMPS on rear side. The increase in the photocurrent due to reflected light by
QMPS layer is derived. The improvement on the photovoltaic parameters, namely
photocurrent density J ph and conversion efficiency η is discussed.

2. THEORY
We considered a polycrystalline N+/P/P+ solar cell with a thin film QMPS at the
backside (Fig. 1). The grains boundaries are considered to be perpendicular to the
surface of the cell with a depth that equal the grain thickness, and characterized by a
recombination velocity Vg . The voids in the body of the QMPS layer are assumed to be
spherical in size and uniformly distributed. The surface recombination velocities for the
front and rear surfaces are S p and S n , respectively. The BSF is modelled by an
effective surface recombination velocity in the vicinity of the low-high junction [9].

Fig. 1: Three-dimensional schematic model for an
elementary solar cell with QMPS layer at the backside

Effect of quasi-monocrystalline porous silicon at the backside on the photovoltaic…

397

The photocurrent density collectable from the solar cell at a wavelength in
accordance with the earlier proposed model in reference [10] can be written as:
E
B
R
ref
C
ref
JT
ph ( λ ) = J ph ( λ ) + J ph ( λ ) + J ph ( λ ) + J ph ( λ ) = J ph ( λ ) + J ph ( λ )

(1)

E
B
R
Where J C
ph ( λ ) = J ph ( λ ) + J ph ( λ ) + J ph ( λ )

(2)

JC
ph ( λ ) is the total photocurrent in a conventional BSF polysilicon solar cell
B
R
without QMPS layer. And J E
ph ( λ ) , J ph ( λ ) and J ph ( λ ) are the photocurrent
densities that are collected from the emitter, the base and the depletion regions at N+/P
junction, respectively [11].
The contribution of the base region in the photocurrent density is obtained by
solving analytically a three-dimensional continuity equation for the minority carrier
given by [12]:

∂ 2 ∆ n ( x , y, z , λ )
∂ x2

+

∂ 2 ∆ n ( x , y, z, λ )
∂ y2

+

∂ 2 ∆ n ( x, y, z, λ )
∂ z2

−

∆ n ( x , y, z , λ )
L2n

=

g ( z, λ ) (3)
Dn

Where ∆ n represents the concentration of excess minority carrier in the base
(electrons); D n and L n are the diffusion constant and the diffusion length of minority
electron in this region.
g ( z, λ ) is the generation rate of minority carriers (electron) given by [12]:
g (z, λ) = (1 − R ( λ ) ) × φ ( λ ) × α ( λ) × exp ( − α ( λ ) × z )

(4)

The reverse saturation current is obtained by solving the same continuity equation
given by Eq. (1) but without the generation term [13].
Simple analytical expressions for the emitter photocurrent and reverse saturation
current densities are taken from reference [14] using a one-dimensional model.
The photocurrent and the dark saturation current densities in the depletion region are
taken from the reference [14].
We suppose that the additional component J ref
ph ( λ ) is contributed by the photogenerated carriers within the base region due to the reflected light.
Under illumination, the diffusion equation in the base for the reflected light may be
written as:
∂ 2 ∆ n ( x , y, z, λ )
∂x

2

+

∂ 2 ∆ n ( x , y, z, λ )
∂y

2

+

∂ 2 ∆ n ( x , y, z, λ )
∂z

2

−

∆ n ( x, y, z, λ )
L2n

= −

g ( z, λ ) (5)
Dn

The generation rate of minority carriers (electron) for the reflected light is given by
[10]:
g ref ( z, λ ) = ( 1 − R ( λ )) × R d ( λ ) × φ ( λ ) × α ( λ ) × exp (− α ( λ )( 2 H − z ))

(6)
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R ( λ ) is the reflection coefficient through any reflecting layer at the front surface.
We supposed also that the light reflectors are defined by the reflection coefficient noted
Rd ( λ ) .

The boundary conditions used to solve the diffusion equation for this part of J B
ph are
[12]:
∆ n ( x , y, z = We + W ) = 0

(7)

S e, P / P +
d∆n
= −
∆ n ( x, y, z = H )
dz x = H
Dn

(8)

The expression of the reflected photocurrent density J ref
ph ( λ ) which is determined
by solving the diffusion equation using the boundary conditions given by Eqs. (7) and
(8) is as follows:
J ref
ph ( λ ) =

q Dn
d2

d
∫−2d
2

d
∂∆n
∫−2d
2

∂z z=W +W
e

dxdy

(9)

In our study, we have neglected the photo-generated carriers by the reflected light in
the emitter region.
The photocurrent of the elementary solar cell with QMPS J T
ph is given by:
C
ref
JT
ph = J ph + J ph

(10)

Where J C
ph is the total photocurrent in a conventional silicon solar cell without
QMPS layer.
The increase of the photocurrent density due to the reflected light is given by:
C
ref
∆ J ph = J T
ph − J ph = J ph

(11)

The conversion efficiency of an elementary cell with and without QMPS layer, are
easly computed by :
ηT =

T
Vm
× JT
m
Pin

(12)

ηC =

C × JC
Vm
m
Pin

(13)

The increase of the cell efficiency due to the reflected light is given by:
∆ η = η T − ηC

(14)
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However, the maximum output power Pm of the cell can only be found by
maximizing the power P = V × J ( V ) with respect to V . This gives rise to the wellknown transcendental equation [15]:
i 

 i
 1 + Vm  exp  Vm

 VT
VT 




Ji

 = ph + 1 where i = C or T

J i0


(15)

And
  V i
J im = J i0 exp   m
  VT



 − 1  + J i
ph




where i = C or T

(16)

Vm and J m are the voltage and the current density at maximum power output.

3. RESULTS AND DISCUSSION
In this section, we discuss the results concerning the photocurrent density J ph and
the cell efficiency η of two types of polycrystalline silicon solar cells. The first solar
cell is called conventional BSF solar cell (without QMPS layer) and in the second one,
the rear side region is formed by a thin film QMPS.
The calculated variations concerning the different terms in photocurrent density
T
( JC
ph and J ph ) with respect to the grain width d are shown in Figure 2. It can be seen

that the QMPS layer has an important effect on the photocurrent density especially for
passivated grain boundaries. In this case, the enhancement in the photocurrent density is
insensitive to the grain width and it overtakes 2 mA/cm2. However, for unpassivated
grain boundaries, its effect is more remarkable for larges grains. This result is confirmed
by the Figure 3, which also shows that the influence of the cell thickness on the
improvement of the photocurrent J ref
ph due to the reflected light is more remarkable for
the small grains.
The conversion efficiencies of a cell thickness with QMPS layer and of a
conventional one, and the improvement in the efficiency due to the reflected light are
calculated from Eqs. (12), (13) and (14) respectively and plotted against grain width as
shown in figures 4 and 5.
The variation of efficiency with the grain width follows a trend similar to that of the
photocurrent density. The solar cell with a QMPS layer and passivated grain boundaries
has an efficiency about 16 % (Fig. 4). In addition, the enhancement of efficiency can
overtakes 2 % for a thin cell with passivated grain boundaries (Fig. 5).
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Fig. 2: Effect of the Vg on the variation of photocurrent density with respect
to the grain width d for a cell with QMPS layer and for a conventional one

Fig. 3: Effect of the Vg on the variation of reflected
photocurrent density with respect to the grain width d
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Fig. 4: Effect of the Vg on the variation of conversion efficiency with respect
to the grain width d for a cell with QMPS layer and for a conventional one

Fig. 5: Effect of the Vg on the variation of improvement in conversion
efficiency with respect to the grain width d
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Fig. 6: Effect of the N a on the variation of photocurrent density with respect
To the cell thickness for a cell with QMPS layer and for a conventional one

Fig. 7: Effect of the N a on the variation of reflected
photocurrent density with respect to the cell thickness
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Fig. 8: Effect of the N a on the variation of conversion efficiency
with respect to the cell thickness for a cell with QMPS layer and a conventional one

Fig. 9: Effect of the N a on the variation of improvement in
conversion efficiency with respect with respect to the cell thickness
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In figure 6, we represent the effect of the cell thickness H (or H c ) on the
photocurrent density for two values of the doping level in the base N a . We noted that
the QMPS layer has an important effect for a thin solar cell.
This results is due to the decrease of the generation rate of minority carriers for
reflected lights g ref ( z, λ ) with respect to the cell thickness. In addition, the doping
level in the base has practically no effect for a thin solar cell. The decrease of J ref
ph is
more remarkable for a high doping level in the base as it is indicated in figure 7.
Figures 8 and 9 show that the cell efficiency can overtakes 16 % and the
enhancement due to the reflected light is about 2 % for a thick cell when the doping
level is equal to 1016 cm-3. Moreover, the variation of efficiency with the cell thickness
follows a trend similar to that of the photocurrent density.

4. CONCLUSION
In this paper, an analytical model to simulate the performance of QMPS layer on
rear side in an elementary polysilicon solar cell has been developed. A complete set of
equations for the increases in the photocurrent due to the reflected light by a thin film
QMPS have been solved analytically. It is seen that the photocurrent as well as the cell
efficiency compared to conventional BSF thin silicon solar cell (without QMPS layer)
has been improved. This improvement depends on the cell dimensions, the traps states
at the grain boundaries and the doping level in the base. From the established results,
the thin film QMPS rear surface contact solar cell show an enhancement which
overtakes 4 mA/cm2 in the photocurrent density and 2.25 % in the cell efficiency
compared to conventional solar cells.
NOMENCLATURE
Q

Electron charge (C)

Ln

Diffusion length of minority carriers in the base region (cm)

Dn

Diffusion constants of minority carriers in the base region (cm2.s-1)

τn

Minority carrier lifetime in the base region (s)

( )

Na N a+

Doping concentrations in the base (back) region (cm-3)

α (λ ) 

Absorption coefficient in the polysilicon at a wavelength (λ cm-1)

φ( λ

Incident photon flux (cm-2.s-1 )

)

Wb Wb

Base thickness (cm)

H ( Hc )

Total cell thickness with (without) QMPS layer (cm)

Sp ( Sn )

Recombination velocity at the front (back) contact (cm.s-1)

∆ J ph

Increase in photocurrent density by QMPS layer (mA.cm-2)
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∆η

Increase in cell efficiency by QMPS layer (%)

Pin

Output power density (AM 1.5) (mW.cm2)

Pm

Maximum output power of solar cell (mW)
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