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Abstract

In this work we consider the generation and recombination processes in the top layer of a solar cell. We show that the current gen-
erated from the solar cell depends on the distance between two surface coplanar adjacent current collecting electrodes with parallel con-
figuration as well as on their width. Based on the obtained results we can estimate the optimal distance between two adjacent collecting
electrodes. We also make calculations for collecting electrodes with square configuration. The comparison between the two types of elec-
trode configurations shows that the square configuration is more efficient, and it has even better advantage for high quality solar cells
designed on the basis of crystalline semiconductors.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

There are many works on the design and the operation
behavior of solar cells. Most of them are related to thin film
solar cells and their purpose is to improve the cells’ con-
struction in terms of the produced power.

In [1] the authors show that the ratio between the cov-
ered and uncovered metal areas of an a-Si:H solar cell
affects the degradation behavior of the cell. A comparison
between the cell operations with different junction design
has been made in [2]. In the same work the limitations
for improving the cell performance are pointed out by
using a-SiC:H window layers. In [3] theoretical analysis
has been made which shows that higher cell efficiency can
be reached by grading the Fermi level of the i-layer. Effi-
ciency of 9.46% is obtained on the basis of amorphous sil-
icon solar cells with graded boron-doped active layers [3].
The progress of the conversion efficiency in various types
of amorphous silicon solar cells is summarized and dis-

cussed in [4]. A computer model to simulate amorphous
MIS solar cell is developed in [5]. The presented results in
[5] show different possible ways to vary cell parameters in
order to improve the cell efficiency.

In [6] a simulation method that can evaluate the power
loss due to the resistance of the current collecting electrodes
is described. Based on the simulated I–V curve of the cell
the authors have proposed a method for optimizing the dis-
tance between the collecting electrodes in the case of con-
centrated sunlight. A digital method is proposed in [7] for
minimization of the resistive losses in the collecting
electrodes.

In this work we derive the dependence of the collected
current from cell electrodes from the distance between
adjacent electrodes and from their width for two type (par-
allel and square) electrode configurations. On the basis of
these dependences the optimal distance between the top
coplanar electrodes is calculated.

2. Theory

The schematic diagram of a solar cell based on a crys-
talline semiconductor is given on Fig. 1. However, the
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considerations that follow below are more general and are
also valid for thin film cells. These considerations concern
the determination of the optimal distance between coplanar
current collecting electrodes.

2.1. Parallel configuration of the current collecting electrodes

We consider a solar cell with a parallel or so called
‘‘comb configuration’’ of the current collecting metal elec-
trodes (see Fig. 1). Under illumination with fixed light
intensity and load resistor the solar cell will produce cur-
rent I0 and voltage V0. It is important to optimize the dis-
tance between the current collecting electrodes for the solar
cell performance. If this distance is larger than the optimal
one then the carrier losses due to recombination are higher.
If this distance is smaller, the active area of the solar cell at
a constant width of the collecting electrodes decreases and
hence the generated carriers are less.

We assume homogeneous illumination over the entire
cell surface. We will analyze half of the area because the
processes are symmetrical relative to the middle of the
two adjacent electrodes. The length of the collecting elec-
trode is assumed to be one.

The light generated carriers in the Si depletion region are
separated by the internal electric field of the solar cell junc-
tion and holes go into the p layer while the electrons are
swept in the n-type silicon and later they go to the back
metal contact. Thus, the concentration of the majority of
the carriers in the p-layer (p0) is increased by Dp(x). It
can be assumed that the diffusion in the lateral direction
(x-axis) of the non-equilibrium holes takes place in the p-
region. At the same time, the light generated electrons
increase the concentration of the majority of the carriers
in the n-region, but the non-equilibrium electrons with con-
centration Dn(x) flow in lateral direction in the back metal
contact. Thus, the excess carriers are separated by the
depletion region of the p–n junction and if they can recom-
bine they can do it only through the junction.

The continuity equations, in stationary one dimensional
case, for the electron and hole current densities in the back
metal layer and p-type Si region, respectively, are:

� dJ n

dx
¼ �q

DnðxÞ
s
þ qng; ð1Þ

dJ p

dx
¼ �q

DpðxÞ
s
þ qpg: ð2Þ

Here Dn(x)/s and ng are the recombination and generation
rates for electrons. Respectively, Dp(x)/s and pg are the

recombination and generation rates for holes. Since, the
electrons and the holes are created and recombined as cou-
ples their recombination and generation rates are equal for
each x value. Then

dJ nðxÞ
dx

¼ � dJ pðxÞ
dx

ð3Þ

and

Dnx ¼ Dpx: ð4Þ

Thus, (also due to the Coulomb interaction) the carriers
diffuse as coupled charges (Dn(x) = Dp(x)), towards the
closest current collecting electrode. If we consider x as half
of the distance between two adjacent metal electrodes we
can conclude:

J pðxÞ ¼ �J nðxÞ: ð5Þ

The relations expressed in (4) can be considered as a
condition for electro-neutrality of the solar cell. Thus, the
total charge in a volume enclosed by surfaces that are per-
pendicular to the x-axis is zero. Then according to the
Gauss law the electric field in the x direction is constant.
For example, at the position photo-sensitive detectors i.e.
in the case of non-homogeneous surface illumination the
electrical field in lateral direction can be constant up to sev-
eral centimeters [8]. Based on these considerations we
assume, as a first approximation, that the lateral electrical
fields in the p-region (Ep) and in the back metal layer (En)
are constants.

The x components of the current densities are:

� J nðxÞ ¼ q �ln½n0 þ DnðxÞ�En þ Dn

dDnðxÞ
dx

� �
; ð6Þ

J pðxÞ ¼ q lp½p0 þ DpðxÞ�Ep � Dp

dDpðxÞ
dx

� �
; ð7Þ

where n0 and ln are the equilibrium concentration and the
mobility of the electrons, respectively, in the back metal
contact, while En is the electrical field in lateral direction
in this contact. The quantities p0, lp and Ep are related
to the p-region. From Eqs. (4)–(7) we can derive an equa-
tion for the holes in the top illuminated p-region of the so-
lar cell:

dDpðxÞ
dx

� q
kT

lnEn � lpEp

ln � lp

DpðxÞ

� q
kT

ðlnn0En � lpp0EpÞ
ln � lp

¼ 0 ð8Þ

At boundary condition Dp(x = 0) = Dp0 (here we consider
x as half of the distance between two adjacent current col-
lecting electrodes) the general solution of Eq. (8) is:

DpðxÞ ¼ Dp0 þ
lnn0En � lpp0Ep

lnEn � lpEp

 !
exp

q
kT

lnEn � lpEp

ln � lp

x

 !

�
lnn0En � lpp0Ep

lnEn � lpEp

: ð9Þ
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Fig. 1. Scheme of the cross section of a solar cell.
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