Journal of Materials Science and Engineering B 3 (4) (2013) 201-207

PUBLISHING

Effective Parameters on Nanostructured Solar Cell

Efficiency

Bassam Ghalib Rasheed

Applied sciences department, University of Technology, Baghdad 18310, Iraq

Received: December 16, 2012 / Accepted: January 08, 2013 / Published: April 25, 2013.

Abstract: Performance of the nanostructured solar cell prepared by photoelectrochemical etching has been studied. Various affecting
parameters on the nanostructured solar cell have been examined. It is found that the cell efficiency was increased from 12% to 18.5%

when optimum current density of 15 mA/cm?® was used. While increasing the illumination light intensity at the solar cell top surface
with blue light leads to enhance the cell efficiency. The surface morphology investigation reveals formation of nanostructured surface
with pore size distribution affected by the preparation conditions. The scanning probe microscopy implies that uniform nanostructured
surface of narrow pore size distribution with mean value of 25 nm could be obtained when optimum preparation condition are

employed.
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1. Introduction

An explosion of interest in silicon nanoparticles
was set off in 1990 with Canham’s discovery of the
photoluminescence (PL) properties of porous silicon
which attributed to the quantum confinement (QC) of
carriers [1]. Silicon nanoparticles/nanocrystals play a

particular role among various materials nanostructures.

This may be attributed to many reasons like the low
cost, good accessible in addition to low toxicity and
fully compatible. The interest comes mainly from the
large role that silicon could play in the emerging
technology of optoelectronics, as it has already been
successful in microelectronics [2]. The most important
applications of porous silicon (PS) device consisting
of silicon nanostructures in  optoelectronics,
specifically solar cells. A silicon solar cell is
considered as a common device for conversion of
sunlight to an electrical current. These kinds of solar

cells contribute to about 94% of the word market and
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most are made from crystalline silicon. An early
application of porous Si in photovoltaics was reported
more than 15 years ago. The work was addressed for
the minimization of optical losses in mono and
polycrystalline silicon based solar cells. The anodic
dissolution of the ordinary solar cells was carried out
and the porous layer was penetrated the p-n junction
through the active top layer of the solar cell, which is
extremely very thin (less than 1 pm) [3].

The low conversion efficiencies, which do not
exceed 20%, as well as the high manufacturing cost of
ordinary solar cells (due to the high antireflection
layer coating costs) are considered the greatest
limitations of conventional silicon solar cells. These
limitations correspond to the reversibility of the
photon absorption process and the single gap nature of
the silicon. However, such limitations could be
overcome by synthesis of multi-band gap materials of
large surface area. Nanostructured solar cells based on
ordinary p-n junction of controllable surface features
could enhance the conversion efficiency and reduce
the maintenance requirements, as well. Improvement

of such limitations could make it possible to
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manufacture inexpensive solar cells [4].

Many research activities have been devoted on solar
cells to enhance the conversion efficiency. The
beginning was started when a research group [5]
formed a porous silicon (PS) structure consisting of
by both
electrochemical and photoelectrochemical etching

nanostructures on silicon solar cells
methods. They created a porous layer of 500 nm
thickness on a polycrystalline wafer. This work
followed by investigating the optical detection of the
solar cell. It is found that the reflection of the porous
layer was reduced from 90% to 70% in the visible
region [6].

Porous silicon could also be formed by stain
etching in aqueous HF/HNOj; solution. The optical
properties of the prepared films were investigated by
reflectance spectroscopy [7]. This porous layer could
be used as an antireflection coating in simplified
processing for solar cells. The efficiency of such solar
cell achieved of about 17% [8].

Moreover, the nanostructured surface could also be
produced by a vapor etching method. The porous
silicon layer in addition to its good antireflection
action acts as passivating agent for surface and
substrate regions of the cell [9]. Furthermore, the
structural stability of the porous layer planned to be
used in solar cell technology. It was found that when
the fresh porous layer is subjected to free air oxidation,
the surface reflection is reduced [10].

The chemical etching technique was used to texture
the surface of the polycrystaliine silicon solar cell [11].
Moreover, silicon nanowire based on solar cell could
also be fabricated to improve the conversion
efficiency of the solar cell. Thin amorphous silicon
layers were deposited on nanowire array to form the
p-n junction [12]. A one-dimensional photonic crystal
can be used to study the nanostructured surface and
determine its features [13]. The surface morphology
and reflectivity of the porous layers both are
remarkably changed and it t is found that both are
easily modulated by controlling the preparation

conditions [14].

The aim of this work is to synthesis efficient
nanostructured solar cells by photoelectrochemical
etching process. The performance of the
nanostructured solar cell is expected to be higher than
Therefore, this

nanostructured solar cell would reduce the number of

that of ordinary solar cells.
the required cells compared with the normal solar cells
due to its higher efficiency. Moreover, this process
offers a low cost with good efficiency which reduces

the maintenance costs.

2. Experiments

Conventional solar cell of 400 pm thicknesses was
used as raw materials in this work. This solar cell has a
conversion efficiency of 12 %. The main challenge in
this work is to adopt the etching process on the solar
cell surface without affecting the underlying junction
characteristics. Therefore, etching cell made from
Teflon was designed and constructed as shown in Fig. 1
to synthesize nanostructured layer at the top of the
solar cell. Etching only one side of the solar cell has
been considered in this design, while the backside of
the solar cell is completely separated from the etching
acid, thereby, the metallization of the backside which
aluminum will be

is coated by protected.

Photoelectrochemical etching technique was employed
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Fig. 1 Schematic diagram of the etching cell used in this
work.
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to synthesize a nanostructured surface at the top of the
solar cell (n-type side) using a blue light emerged from
a 500 W halogen lamp. In order to achieve a
homogenous and uniform porous structure layer, an
ohmic contact is required on the entire backside
surface of the cell. The area of the solar surface that
could be etched in this design is 4.5 cm’.

The performance of the solar cell could be
determined by measuring the conversion efficiency (),
fill factor (F.F) and the open circuit voltage (Voc) as
well as the short circuit current (Igc).

The fill factor is calculated using the relation [15]:

F.F = fmax (1)

VOC ISC

where, P, = I, x V,,, While the cell efficiency # is

given by:
77 = P max/ P AM
_ F.i Vo Isc @)
AM 1.5
Initial  investigation involves the surface

morphology of the ordinary solar cells using a high
resolution optical microscope were conducted to study
the surface topography before the texturing process.
Then, the optical microscope images were analyzed
using a computer image processing software. High
resolution optical microscope (Olympus BH4) was
used to study the microstructure of the surface and
SPM (Angstrom 2000) was also used to study the
nanostructures morphology of the surface. The
optoelectronic properties of the nanostructured solar
cells were measured under the standard illumination
AM1.5 (100 W/em?).

3. Results and Discussion

Both optoelectronic and morphological properties
were examined in this study to obtain higher
performance of the nanostructured solar cell.

3.1 Optoelectronic Properties

The optoelectronic properties of the solar cell have
been investigated in this study since those properties
determine how much the incident sunlight could be
converted to photocurrent.

The photoelectrochemical etching technique is
considered as most significant technology to produce,
modify and control of nanostructured layer at both
n-type and p-type silicon respectively. The formation
of macroporous layer in silicon with pore diameter
larger than 50 nm by electrochemical dissolution in
hydrofluoric acid solution could be exposed to the
light simultaneously to modify and control the porous
layer features and reduce the pore diameters to less
than 10 nm. This technique is a self-regulating process
determined by the current density at the end of the
pore.

In this work, effects of three effective parameters
on the optoelectronic characteristics of the solar cell
were examined: etching current density, HF acid
solution and the illumination light intensity. To study
one parameter, others should be kept fixed.

The etching current density is expected to be one of
the most significant parameter which rules the
formation of the nanostructured porous layer. It is
found that the etching current density was very
effective on the solar cell properties as shown in Fig. 2.
The solar cell etched in 10 % HF acid concentration
diluted in water and ethanol 1:1:2, respectively, and
illumination light intensity of 2,000 lux. The solar cell
efficiency # reach its optimum value at certain current

density 15 mA/cm®as given in Table 1. The etching
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Fig. 2 The optoelectronic properties of the nanostructured
solar cell prepared by photoelectrochemical etching under
different current density.
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Fig. 3 The optoelectronic properties of the nanostructured
solar cell prepared by photoelectrochemical etching under
illumination of different light intensity.

i
1
-

(=)

Current density (mAfem?)

current density is responsible on holes accumulation at
the surface. Farther increase of the current density
greater than the optimum value leads to consume
holes in much higher speed compared with holes
accumulation speed and derives the chemical reaction
toward the electro-polishing process then decreases
the porous layer thickness.

The HF acid solution consideration was found very
effective parameter and played a significant role on
speed) of the
photoelectrochemical etching. The optimum value of

the etching rate (etching
the current density of 15 mA/ecm® and illumination
light intensity of 2,000 lux were employed. Table 2
shows that increasing the HF concentration from 10%
to 30% leads to increase the etching rate from 0.15
wmin to 0.5 pm/min and this is attributed to the
increment of the effective fluorine ions which attack
the silicon top surface and consequently detach the
silicon atoms from the surface. Since this chemical
reaction is very slow, it is preferable to use low HF
concentration in order to achieve cell of higher
efficiency [16].

Effect of the illumination light intensity has also
been examined. Fig. 3 explains effect of the
illumination light intensity on the optoelectronic solar
cell at 10 mA/cm® current density and 10% HF
concentration. It is found that illumination with

higher light intensities improve the cell efficiency.
The cell efficiency increases for 12% for the ordinary
solar cell to 15.4% when the nanostructured solar cell
is subjected to light of 2,000 lux, as given in Table 3.
This could be attributed to effect of the additional
holes which generated by the light absorption. These
holes added to the supplied holes by the external
power supply. Ultimately, the overall accumulated
holes are consumed by the chemical reaction. We
pointed out that the light generated holes are
generated slowly and inconsistence with the chemical
reaction speed which is also slow. While if the holes
supplied faster, the result may take a negative trend.
Table 1 gives the solar cell characteristics prepared
under different illumination light intensity.

The solar cell could convert the incident light to
photocurrent when it is subjected to reverse biasing.
This biasing helps to diffuse the generated charge

carriers to the electrodes before the recombination

Table 1 Characteristics of the electrochemically etched
solar cell of 400 pm under different current densities.

Current density (mA/cm?) Efficiency  Fill Factor
Ordinary solar cell of 400 um 12 0.7
5 14 0.72

10 14.8 0.74

15 18.5 0.78

20 13.8 0.72
Table 2  The etching rate with different HF acid
concentrations for photoelectrochemical etching.

HF concentration (%) Etching rate (wm/min)

10 0.15

20 0.25

30 0.50

40 0.80

Table 3 Characteristics of the nanostructured solar cell of
400 pm thickness prepared by photoelectrochemical etching
with different light intensity.

Efficiency Fill Factor Light Intensity (Lux)
12 0.7 Ordinary solar cell
13.4 0.72 5,000

14.8 0.74 10,000

17.5 0.76 15,000

18.5 0.78 20,000
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process takes place. Since different preparation
conditions could affect the nanostructured layer
formation, optimization of these conditions should be
obtained.

The J-V curves of the solar cells are measured
under illumination of the standard AMI1.5 (100
mW/cm®). Fig. 4 represents the J-V properties of the
ordinary solar cells and the nanostructured solar cell
of optimum efficiency (current density of 15 mA/cm’,
HF concentration of 10% and light intensity of 20,000
lux). The efficiency # of the nanostructured solar cell
has improved from 12% to 18.5% due to the light
absorption enhancement.

3.2 The Surface Morphology

To characterize the solar cell surface features,
surface morphology investigations are required. This
study involves the microstructure and nanostructure
features and their analysis. The microstructural
properties were examined using a high resolution
optical microscope.

The porous layer which is synthesized by
electrochemical etching could be highly controlled
with the presence of light. When the top solar cell
surface exposed to the light during the electrochemical
etching, the photogenerated holes reconstruct the
surface and modify the texturing process. It is
necessary to point out that using white light
illumination leads to produce inhomogeneous
structure at the surface due to the effect of various
penetration depths or different existent wavelengths.
Long wavelengths have deeper penetration depth
would damage the junction since the n-type layer is
abundant at the top surface of the solar cell which is
very thin (some times less than 1 um). Therefore, blue
light emerged from halogen lamp has been used to
obtain a small enough penetration depth and avoid
disturbing the junction. To explain how much the
surface morphology is affected by this process. Fig. 5
shows the surface morphology of the solar cell top

surface before and after texturing the top solar surface
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Fig. 4 The J-V characteristics of ordinary and

nanostructured solar cells.

M
Fig. 5 Micrograph of high resolution optical microscope
and the surface plot for the ordinary solar cell top surface

(a) before and (b) after surface texturing, respectively.

by photo electrochemical etching with light assistance.
The surface plot reveals remarkable differences in the
surface morphology before and after the texturing
process.

It is found that the surface topography of the
nanostructured solar cell surface shows various
structures when different preparation conditions are
employed. The surface morphology of the porous
layer has extremely rich details with respect of range
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Fig. 6
pore distribution.

of variation in the pore size, shape and their
The

investigation reveal a formation of nanostructured

distribution. scanning probe microscopy
surface of different features and pore distribution. Fig.
the

nanostructured solar cell in the left column with their

6 illustrates surface morphology of the
pore distribution and percentage abundance in the
right column. When a relatively high current density
of 25 mA/cm® is used, low surface roughness was
obtained as shown in Fig. 6a. The pore diameter
distribution shows uniform pore distribution but

with pore mean diameter of (50 nm). While for high

The SPM of the top surface of nanostructured solar cell prepared by photoelectrochemical etching process and their

HF concentration of 30%, the surface morphology
reflects a less roughness of (35 nm) as shown in Fig.
6b and non-uniform pore distribution of pore mean
diameter of (40 nm). Better surface morphology (Fig.
6¢c) of optimum roughness of 10 nm was obtained
when current density of 15 mA/cm® with 10% HF
concentration and 20,000 lux light illumination
intensity. This structure has a uniform and narrow

pore distribution with mean diameter of 25 nm.

4. Conclusions

The solar cell performance could be enhanced by
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texturing solar cell top surface by
photoelectrochemical  etching  process.  Holes
consumption should be adjusted with holes

accumulation to control the chemical reaction between
HF acid and silicon solar cell. The etching current
density has an optimum value which produces
nanostructured solar cell of high efficiency. The
surface morphology is affected by many parameters
and could be controlled to obtain a uniform
nanostructured surface of narrow pore size distribution

using optimum preparation conditions.
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