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a b s t r a c t

Unlike crystalline silicon, quasi-monocrystalline porous silicon (QMPS) layers have a top surface with

small voids in the body. What is more pertinent to the present study is the fact that, at a given

wavelength of interest for solar cells, these layers are often reported, in the literature, to have a higher

absorption coefficient than crystalline silicon. The present study builds on existing literature, suggesting

an analytical model that simulates the performance of an elementary thin QMPS (as an active layer)

solar cell. Accordingly, the effects that the interface states located at the void–silicon interface and that

the porosity of this material have on the cell parameters are investigated. Furthermore, the effects of the

optimum base doping, QMPS thickness, and porosity on the photovoltaic parameters were taken into

consideration. The results show that the optimum base doping depends on the QMPS thickness and

porosity. For an 8mm thickness, the film QMPS layer gives a 35.4 mA/cm2 for short-circuit current

density, 15% for conversion efficiency, and 527 mV for open-circuit voltage when the value of the

interface states is about 1012 cm�2 and the base doping is about 2�1018 cm�3 under AM 1.5 conditions.

& 2008 Elsevier Ltd. All rights reserved.

1. Introduction

The use of thin crystalline silicon solar cells, fabricated by
various versions of large transfer processes, is one of the most
promising approaches to achieve both high performance and low
cost, and this is due to its low material cost and ease of
manufacturing [1–4]. Quasi-monocrystalline porous silicon
(QMPS) is a very promising material for the production of
inexpensive and efficient solar cells for terrestrial photovoltaic
applications. Recently, such layers have been reported to have
significantly higher absorption coefficient compared to crystalline
silicon at the interesting range of the solar spectrum for
photovoltaic solar cell applications [5,6].

A semi-empirical model has been developed to account for the
higher absorption coefficient of QMPS layer which predicts the
absorption coefficient of QMPS layer for different thicknesses,
porosities and void sizes [5]. The transport parameters, such as
the minority carrier mobility and lifetime in QMPS layer, have also
been reported [7,8].

In QMPS the presence of voids in the body and interface
states dramatically attenuates the electronic proprieties of this
material and, consequently, its photovoltaic parameters. Extensive
research has been carried out to understand the properties of the

QMPS material and to suggest useful techniques and models to
achieve high performance. Modeling the performance of QMPS
cells has been the subject of several review papers [7,8]. It is
demonstrated that the recombination of minority carriers at
void–silicon interface decreases the photovoltaic parameters of
QMPS solar cells, particularly the open-circuit voltage [7].

The objective of this paper is to extend the theory developed by
Banerjee et al. [7] to further investigate the effects of the density
of interface states, physical parameters, namely porosity and
void radii, and the optimum base doping on the photovoltaic
parameters of thin QMPS solar cells.

2. Model calculation

The schematic structure for analyzing an n+p QMPS solar cell is
shown in Fig. 1. The doping levels in the top and the base regions
are assumed to be uniform; hence, no field exists outside the
space charge regions. The voids in the body of the QMPS layer are
assumed to be spherical in size and uniformly distributed.

2.1. Short-circuit current density

The short-circuit current density Jsc(l) collected from the solar
cell is given by

JscðlÞ ¼ Jn;scðlÞ þ Jscr;scðlÞ þ Jp;scðlÞ (1)

ARTICLE IN PRESS

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/mejo

Microelectronics Journal

0026-2692/$ - see front matter & 2008 Elsevier Ltd. All rights reserved.

doi:10.1016/j.mejo.2008.06.068

� Corresponding author. Tel.: +216 97 678 174.

E-mail address: kmonoom@yahoo.fr (M. Krichen).

Microelectronics Journal 39 (2008) 1433– 1438

www.sciencedirect.com/science/journal/mej
www.elsevier.com/locate/mejo
dx.doi.org/10.1016/j.mejo.2008.06.068
mailto:kmonoom@yahoo.fr


where Jn,sc(l), Jscr,sc(l), and Jp,sc(l) are the short-circuit current
densities that would be collected from the n-type emitter layer, from
the junction space–charge layer, and from the p-type base layer at a
given wavelength l, respectively. Similarly for silicon solar cell, the
three current densities for QMPS solar cell can be modeled as [9]

where R is the fraction of photon reflected from the front surface, a�

is the absorption coefficient of QMPS layer [5], Dp and D�n are the hole
and electron minority carrier diffusion coefficients [7,10], and Lp ¼ffiffiffiffiffiffiffiffiffiffiffi

Dptp

p
and Lnn ¼

ffiffiffiffiffiffiffiffiffiffiffi
Dn

ntnn
q

are the hole and electron minority carrier

diffusion lengths (tp and t�n are the hole and electron minority
carrier lifetime [7,10]).

In our calculation, the total short-circuit current density Jsc is
calculated by [11]

Jsc ¼
Xn

i¼1

JscðliÞ; li ¼ 0:4þ 0:01ði� 1Þ (5)

The photon flux density f (photons/cm / s) under AM 1.5 global
normal sun condition can be approximated with the linear
equations [11,12] as follows:

fðlÞ ¼ ð19:7l� 4:7Þ1015 for 0:4plp0:47mm

fðlÞ ¼ ð�2:5lþ 5:7Þ1015 for 0:48plp1:08mm (6)

2.2. Open-circuit voltage and conversion efficiency

In general, the total reverse saturation current density J0 is
given by

J0 ¼ Jn;0 þ Jp;0 þ Jvs;0 (7)

where, Jn,0 and Jp,0 are the conventional reverse dark saturation
current density in the emitter and the base regions, respectively
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Nomenclature

q electron charge
a void radii
P porosity
VT thermal voltage
Pin power density output (AM 1.5)
L�n (Lp) effective diffusion length of minority carriers

in the base (emitter) region
D�n (Dp) effective diffusion constant of minority carriers

in the base (emitter) region
t�n (tp) effective minority carrier lifetime in the base

(emitter) region
Na (Nd) dopant concentrations in the base (emitter) region

Nt interface states at void–silicon interface
a�(l) absorption coefficient in the QMPS at a wavelength l
f(l) incident photon flux
R(l) reflection coefficient at the front surface
Wp (Wn) thickness of the base (emitter) region
W width of the depletion region
H QMPS layer thickness
Sp (Sn) recombination velocity at the front (back) contact
Jsc short-circuit current density
J0 reverse saturation current density
Voc open-circuit voltage
Z conversion efficiency
Pm maximum power output of solar cell
Vm (Jm) voltage (current density) at maximum power output
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Fig. 1. One-dimensional schematic model of an elementary solar cell with a QMPS

as an active layer.

Table 1
Data used in the numerical calculation

Parameter Value Reference

Wn 0.5mm

PI (V) 108 cm�3 [7]

Nd 5�1019 cm�3

VT 25.9 mV [9]

Sp 103 cm/s

Sn 102 cm/s [5]

Pin 100 mW/cm2 [4]

R �8% [15]

Jn;sc ¼ qð1� RÞ
Lpanf
ð1� an2L2

pÞ
expð�anWnÞ anLp þ

ðSpLp=DpÞ coshðWn=LpÞ þ sinhðWn=LpÞ � ðanLp þ ðSpLp=DpÞÞ expðanWnÞ

ðSpLp=DpÞ sinhðWn=LpÞ þ coshðWn=LpÞ

� �
(2)

Jscr;sc ¼ qð1� RÞfðlÞ expð�anWnÞf1� expð�anWÞg (3)

Jp;scðlÞ ¼ qð1� RÞ
fanLnn

ðan2Ln2
n � 1Þ

expð�anðWn þWÞÞ

� ani Lnn �
ðSnLnn=Dn

n ÞðcoshðWp=Lnn Þ � expð�anWpÞÞ þ sinhðWp=Lnn Þ þ anLnn expð�anWpÞ

ðSnLnn=Dn
n Þ sinhðWp=Lnn Þ þ coshðWp=Lnn Þ

" #
(4)
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