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Preparation and characterization of porous silicon photoelectrode
for dye sensitized solar cells
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Nanostructured porous silicon (PS) samples were prepared by electrochemical anodic dissolution of doped silicon (p-Si) of (100) orientation at
constant current density of 30 mA/cm2 for different etching times 10 and 60 min. The samples were characterized by XRD and SEM. The
particle size was calculated from XRD using Scherrer’s approximation are in the range of 12 to 61 nm and the SEM images confirmed the
difference in porosities of the sample. The samples were sensitized with chloroaluminium phthalocyanine (ClAlPc) to fabricate Dye-sensitized
solar cells (DSSCs). The bandgaps from UV- Vis and photoluminescence measurements are in the range of 1.5 to 1.8 eV. The photocurrent and
photovoltage of the cells were measured using Keithely source meter. The maximum conversion efficiency of 2.8% is observed and results are
discussed.
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1.

Introduction

Dye-sensitized solar cells (DSSCs) are regarded as a promising low cost option to the conventional solid-state
semiconductor solar cells, due to the use of relatively cheap materials and the easy manufacturing techniques. A
very important component of DSSCs is the photoelectrode, which includes a nanocrystalline porous wide bandgap
oxide semiconductor layer with large internal surface area. The Commercial solar cells are fabricated using
crystalline silicon which is costly in nature, where the maximum efficiency of 24.5% is reported in literature [1].
In this work, we measured the conversion efficiencies of DSSCs prepared from porous silicon with different
porosities.
2.

Experimental

Porous silicon samples were prepared by electrochemical etching of p-type (100) silicon wafers (thickness
517 µm and resistivity 0.2–0.5 Ω cm) at a constant current density of 30 mA/cm2 for etching periods of 10 and
60 minutes [2]. To sensitize the porous samples, the dye solution was prepared by mixing the synthesized ClAlPc
dye [3] in 5 ml of ethanol and used for preparation of photoanode (ClAlPc/PS). The photoanodes were characterized
by X–Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Ultraviolet-visible spectroscopy (UV-vis) and
Photoluminescence (PL) techniques. The ClAlPc/PS photoanodes with different porosities were used to fabricate
DSSCs.The I–V measurements were carried out to calculate the solar efficiencies using Keithley Source Meter
2400.
3.
3.1.

Results and discussion
XRD measurement

The XRD patterns of PS and ClAlPc/PS prepared at constant current density of 30 mA/cm2 with etching times
10 and 60 min is shown in Fig. 1 A and B respectively.
In Fig. 1A, the characteristic peaks at 2θ = 24.82◦ and 64.77◦ depict the porous nature of silicon, which are
identified as (111) and (404) plane respectively and are in agreement with JCPDS (27-1402) values [4]. The peak
2θ = 6.31◦ for ClAlPc in Fig. 1B agrees well with the reported value [5] and identified as the (2 0 0) plane of
α–phase structure and the lattice spacing d = 12.88 Å. Additionally, it is noted that the intensities of the peaks
increase with etching time and hence the porosity, as the porosity increases with etching time [6]. The broadened
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F IG . 1. XRD Pattern of the samples prepared at 30 mA/cm2 for (a) 10 min (b) 60 min: (A) PS (B) ClAlPc/PS
peak shown by the sample prepared at 30 mA/cm2 , 60 min indicates that it is more nanostructured in nature. The
crystallite sizes calculated from Scherrer’s approximation are in the range from 12 to 61 nm.
3.2.

Scanning electron microscope

The SEM image of the PS sample is shown in Fig. 2. The porosity of the sample increases with increasing
etching time [6]. The porosities calculated from gravimetric method were shown to range from 55% to 78%.

F IG . 2. SEM image of PS samples prepared at 30 mA/cm2 for etching time (a) 10 min (b) 60 min

3.3.

Optical measurements

The optical band gap measurements were carried out using UV absorption and PL emission for PS and
ClAlPc/PS samples at room temperature. The PL emission spectra of PS and ClAlPc/PS samples are shown in
Figs. 3A and 3B respectively. The calculated band gaps from PL and UV measurement are shown in Table 1. The
values are in good agreement with each other.
The band gaps of the PS samples are blue shifted from the bulk silicon (1.1 eV). Also, the band gaps of
the PS samples are slightly blue shifted with increased etching time. This shift in band gap (band gap widening)
is because of quantum confinement due to reduction in the size of the Si nanocrystallites for increased etching
time [7]. The decrease in crystallite size is attributed to the increase in porosity with increased etching time [8].
The PL intensity of the PS samples increases with increasing etching time due to the increase in the total volume
of the nanocrystallites on the surface of the PS [9, 10].
For the dye sensitized PS (ClAlPc/PS), the PL emission is shifted to 735 nm (Fig. 3B(a)) compared to the
PS sample which is attributed due to the presence of chlorine in the dye. The decrease in PL intensity shown by
ClAlPc/ PS with increasing etching time is explained due to the enhanced absorption with an increase in porosity
and confinement of particles into a lower dimension [11]. The minimum emission intensity shown by ClAlPc/PS
at a current density of 30 mA/cm2 with etching time of 60 min (Fig. 3B) indicates that it is a good absorber of
radiation and can be used for solar cell application.
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F IG . 3. Photoluminescence spectra of PS samples prepared at 30 mA/cm2 for (a) 10 min
(b) 60 min: (A) PS
TABLE 1. Bandgap of the samples

Etching time
a (10 min)
b (60 min)

3.4.

Band gap (eV)
PS
ClAlPc/PS
PL UV PL UV
1.81 1.81 1.60 1.59
2.02 2.05 1.76 1.77

I-V Measurements

Performance of DSSCs (1 cm2 size) was analyzed by current–voltage (I–V) characteristics. Photocurrents
and voltages were measured using a Keithely source meter 2400, with an 80 W halogen lamp and AM 1.5 G.
The conversion efficiency of the samples is given in Table 2. The literature value of conversion efficiency of
ClAlPc/TiO2 is 2.1% [12].
TABLE 2. Conversion efficiency of the ClAlPc/PS samples (Current density 30 mA/cm2 )

a (10 min)
b (60 min)

4.

Porosity of PS (%)
55
78

Efficiency (%)
0.84
2.84

Conclusion

Nanostructured porous silicon (PS) samples were prepared at constant current density of 30 mA/cm2 at etching
times of 10 and 60 min. The samples were characterized by XRD, UV-Vis and PL emission techniques. The band
gap increases with increased etching time. To study the effect of dye sensitizer, the surface of these PS samples was
sensitized with derivative of Chloroaluminum Pc (ClAlPc). The dependence of absorption and emission intensities
on these samples indicate that ClAlPc /PS prepared at current density of 30 mA/cm2 with 60 min etching time is
good absorber of radiations. The DSSC prepared by ClAlPc /PS shown a maximum conversion efficiency of 2.8%
and can be used for solar cell applications.
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