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Porous silicon (PS) layers were fabricated on P-type crystalline silicon (c-
Si) wafers of (100) orientations using electrochemical etching (ECE) process
at a different etching time (7, 15 min), current density of 7 mA/cm2, and fixed
electrolyte solution HF:C

2
H

5
OH (1:1). Nanopores with an average diameter

of (19.47, 22.70nm) were formed in the p-PS (100) layer. The lowest effective
reflectance was obtained with the p-PS/CdSe layer that exhibited excellent
light-trapping at wavelengths ranging from 400 to 1000 nm. Solar cells were
fabricated based on the PS anti-reflection coating (CdSe) layers. The current-
voltage characteristics of the solar cells were examined under 127W/cm2

illumination, A highly efficient (3.5%,6%) for ps in (7, 15min) then The
objective of the present study was to fabricate highly efficient solar cell
(6%, 12.25%) respectively using Al/c-Si/ p-PS /CdSe/Al.
 2014 Trade Science Inc. - INDIA

BACKGROUND

Porous silicon is well-known and useful material
for many applications, such as for photodiodes[1-3], solar
cells[4,5], etc. Stain etching of silicon provides a
spontaneous, self-limiting chemical method to produce
nanocrystalline silicon films (porous Si), which exhibit
photoluminescence (PL) properties[6,7]. PS has attracted
attention due to the property of PL in the visible light
range. Over the past fifteen years many different models
have been elaborated interpreting the visible light
luminescence in PS, several overviews have been
published to weigh arguments for/against to understand
this phenomenon[8].

Semiconductor nanoparticles have attracted much
attention during the last few years because of their unique
optical and electronic properties, which might have a
great potential in many applications, such as light emitting
diodes, lasers, luminescent nanocomposites, diagnostic
agents in medicine and solar cells[9-13]. In recent years,
quantum-dot (QD semiconductors such as CdS[14,15],
PbS[16,17], and CdSe[18-21] have been employed as
sensitizers due to two specific advantages. First and
foremost, the size quantization effect allows one to tune
the band energy and visible response by simply varying
the QD size[22]. Another advantage is that these QDs
open new ways to utilize hot electrons or generate
multiple electron-hole pairs with one single proton
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through the impact ionization effect[23].
The present work deals with the fabrication of Al/

p-PS/c-Si/CdSe/Al solar cell prepared by formation
of porous silicon on p-type silicon wafers with the aid
of electrochemical etching and study the structural,
electrical, optoelectronic, and figures of merit of porous
silicon layer and solar cell devices synthesized at different
conditions.

EXPERIMENTAL DETAILS

The p-PS layers were fabricated by anodic etching
where a p-type silicon substrate was placed in the Teflon
etching cell using a mixture of aqueous hydrogen fluoride
(purity 40%) and ethanol (purity 99.99%), 1:1 by
volume. The sample was anodized at a current density
of 7mA/cm2 and at different etching time (7,15min).No
further chemical or thermal treatment was carried after
etching. The CdSe core- shell colloidal QDs absorbed
on the internal pores within PS were then prepared by
dipping the PS using CdSe QDs (1mg) dissolved in
toluene (100 ml) and evaporating toluene at room
temperature for 50 min.

RESULTS AND DISCUSSIONS

The PS is produced by anodisation of Si wafers in
a solution HF: C

2
H

5
OH (1:1). With current density

(7mA/cm2) and two different times (7,15min), this
imposes that the PS formation does not cause any
damage to the electrical contacts. The PS formation
mechanism in chemical etching depending on solution
concentration, temperature, and etching time.

The porosity was controlled by gravimetrical
methods and calculated by equations[24]:

(1)

Where m
1
 is initial substrate weight, m

2
 weight after

anodisation, and  weight after removing the PS layer
in the NaOH mixture.

Figures 1,2 demonstrates the AFM images of the
PS layer formed on the p-PS (7,15min) samples. Pores
with sphere-like appearances and thick walls were
evidently randomly distributed on the PS surface. A
modest density of pores was observed, and porosity
was approximately (45%,72%), the surface of the p-
PS samples cracked, and numerous new pores
evidently formed inside the cracks.

The average pore diameter (d) for two samples of
PS layer formed on the p-PS (100) wafers were
(19.47&22.70nm) and calculated using AFM. Then the
optical energy gap E (eV) was calculated using
equation[25-28]:

(2)

Where E
(eV)

 is the energy band gap of the p-PS layer,
E

g
 is the energy band gap of bulk c-Si= 1.12eV, h is

Planck�s constant = 4.13×10-15 (eV. s), Whereas 
and  are the electron and hole effective masses,
respectively (at 300 K, =0.19 m

0
, = 0.16 m

0
,

and m
0 
= 9.109x10-31 kg.

The absorption spectra of PS, PS-QD samples and
PS/CdSe are shown in Figure 5. Measured absorption
of both PS and PS-QD samples was very similar, and
it was the same at 550 nm, where PL peak in PS-QD
sample was detected. The absorption maxima of PS

Figure 1 : 2D&3D AFM images of PS surface at constant current density 7mA/cm2 and at 7min etching time for p-type
(500nm×500m)
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and PS/CdSe samples were found at 610nm. Detected
absorption of PS is very similar to ps/CdSe absorption,
the absorption investigation of QDs in the range from
400 to 900 nm.

The maximum absorption of the PS/CdSe layer
formed on the P-type c-Si (100) has been observed at
639 nm (1.940 eV) with a full-width and half maximum
of approximately 145 nm as a result of the high porosity
and completely etched PS layer of this sample. This
phenomenon indicates that PL intensity is proportional
to the number of emitted photons on the PS surface.

The lowest effective transmission was obtained from
the PS layer formed on the P-type c-Si (100) sample,
which evidently reduced light reflection and increased
light-trapping at wavelengths from 400 to 1000 nm.
Figure 4 shows dark current � voltage in forward and

reverse directions of three samples measurements

carried out by applying voltage supplied to the most of
the sample from (0-25)V.

Figure 4, represented (I-V) characteristics of the
junction in the figure can be explained as in the following
observations; nonlinear behavior: (at low voltages), that�s
mean under the forward bias condition; it shows the
exponential increase in current,. Under reverse bias,
for all cases, it is clear that the curves contain two
regions; in the reverse bias and at the same values of
the voltage, reverse current is slightly increased with
the applied voltage and this leads to generate electron-
hole pairs at low bias (for zero applied voltage exactly
balances the diffusion current).

The efficiency of a solar cell is the ratio of the
electrical power it delivers to the load, to the optical
power incident on the cell. It can be seen from Figure 4
that the solar cell with the CdSe layer based p-PS

Figure 2 : 2D AFM images of PS surface at constant current density 7mA/cm2 and at 15min etching time for p-type (500nm×500m)

Figure 3 : Spectral absorption for, (a) c-Si, (b) p-PS at 7min etching time, 7mA/cm2 current density, (C) p-PS at 15min etching
time, 7mA/cm2 current density. (d) p-PS /CdSe at 7min etching time, 7mA/cm2 current density and (e) p-PS/ CdSe at 15min
etching time, 7mA/cm2 current density
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displays an increased short-circuit current (Isc) from
4.5 to 12.5 m A in open-circuit voltage (Voc) 25 volt in
PS/CdSe mV, leading to an increased conversion
efficiency from 8.8 to 12.25% for etching time 15min
and from (3.5 to 6%) for etching time 7min.

CONCLUSIONS

Porous silicon (p-type) has much different structures
and its pore diameter varies from nanometer to
micrometer, according to the etching conditions as
shown by the experimental results of AFM.

The C- V measurement revealed that the junctions
are abrupt and the biotin- potential values are strongly
dependent on the etching conditions. The porosity of
silicon changes the response spectrum region of the
detector.

All the solar cell is working for visible and near infra-
red (400-800) nm regions. The Al/c-SI/p-PS/CdSe/
Al exhibited has good efficiency at 7mA/cm2,15 min
etching time.
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