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ABSTRACT

Porous silicon has been produced in this work by photochemical etching process (PC). The irradiation has been
achieved using ordinary light source (1500250 W) power and (875 nm) wavelength. The influence of various irradiation
times and HF concentration on porosity of PSi material was investigated by depending on gravimetric measurements.
The I-V and C-V characteristics for CdS/PSi structure have been investigated in this work too.
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1. Introduction

Porous silicon (PSi) can be considered as a silicon crystal
having a network of voids in it .The nanosized voids in
the silicon bulk result in a sponge—Ilike structure of
pores and channels surrounded with a skeleton of crystal-
line silicon nanowires [1].

The interest in porous silicon has increased greatly
over the last decades, mainly due to its photolumines-
cence properties and the potential applications, which
arise from these [2,3]. There are, however, many other
possible uses including chemical sensors, micromachin-
ing, micro scale optical components, and filters and dif-
fraction grating. Porous silicon is usually prepared by
iodization in aqueous hydrogen fluoride (HF). It is also
possible to employ a photochemical technique, which
does not involve an externally applied bias [2]. Accord-
ing to G. Lerondel et al., porosity is defined as the frac-
tion of void within the PSi layer and can be easily deter-
mined by weight measurements. This macroscopic char-
acteristic can be measured by gravimetry, preferably on
thick layers. The accessible porous silicon values typi-
cally included between 15% and 90%. It is significant to
note that porosity is an average value and that for the
same porosity; various material morphologies can be
obtained [4].

2. Experimental Work

Commercially available n-type (111) oriented silicon
wafers of (500 £ 15 um) thickness with resistivity (p =
3.84 x 105 Q-cm) have been used as substrate. Before the
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photochemical etching process, the silicon wafer has
been cut out into small pieces in dimensions of (0.5 x 0.5
cm). After the cleaning, the silicon wafers were im-
mersed in hydrofluoric acid (HF) aqueous solution. The
HF concentration was changed in the range (24 to 36
wt%). All samples were front-side illuminated using a
Halogen lamps of power density (0.28 & 0.7 W/em?).
The sample has been mounted on a Teflon cell in such
away that the current required for the etching process,
could pass from bottom surface to the top of the polished
surface through the electrolyte. The light source was ver-
tically aligned and focused by quartz lens of (3.87 cm)
focal length.

The porosity of PSi layers has been determined by us-
ing the gravimetric method according to the following
equation [4]:

7%:(ml_mz)/(ml_m3) (1

where y is the porosity, m; and m, are the weight of the
silicon substrate before and after the etching process re-
spectively, and m; is the weight after removing the po-
rous silicon layer.

The fabricated CdS/PSi junction was achieved by us-
ing the chemical spray pyrolysis technique.

3. Results and Discussion

Figure 1 shows the relationship between porosity and
etching time of prepared PSi layer at different irradiation
time (30 - 90 min), 24% HF concentration, and power
density of 0.28 W/cm®. From this figure, we can see that
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the values of porosity are increasing with increasing of
etching time. This result is ascribed to the increasing of
the number and width of the pores with increasing of
etching time. Our result agrees with outcomes of [1,5].

Also, Figure 2 represents the relationship between
porosity and HF concentration (24 - 36 wt%), etching
time (60 min), and power density of 0.7 W/cm®. We can
observe from this figure that the porosity decreases with
increasing HF concentration. By lowering HF the poros-
ity of the substrate is raised until there is enough HF
serving F~ ion in the electrolyte. This is necessary to oxi-
dize Si and provide charge carriers for the electrolysis.
This result is comparable with result of [6].

Figure 3 shows the I-V characteristics for CdS/PSi
heterojunction at dark and reverse bias at room tempera-
ture, at etching time (30 min), 24% HF concentration,
and power density of (0.28 W/cm?). In general, the for-
ward dark current is generated due to the flow of major-
ity carriers and the applied voltage inject majority carri-
ers which leads to decrease the value of built—in poten-
tial, and decrease the width of the depletion layer. Then
majority and minority carrier concentration is higher than
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Figure 1. The relation between porosity and etching time.
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Figure 2. The relation between porosity and HF concen-
tration.
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Figure 3. The 1-V characteristics at dark for CdS/PSi HJ.

the intrinsic carriers concentration (ni < np) which leads
to generate recombination current at the low voltage re-
gion because that the excitation electrons from V.B to
C.B will recombine with the holes which found at the
V.B, and this is observed by increasing in recombination
current at low voltage region.

While the tunneling current is observed at high voltage
region. After that, there is a fast exponential increase in
the current magnitude with increasing the voltage and
this is called diffusion current, which is dominated [7].

Also, the reverse bias current contains two regions in
the voltage region the current increases with increasing
the applied voltage, and the generation current dominates.
At the high voltage region, the current is stabilizes and
becomes independent of the bias potential, this is called
the diffusion current [8,9].

Also, the current-voltage characteristics exhibit recti-
fication behavior may be due to the hetrojunction poten-
tial barrier at the CdS/PSi interface [10]. The rectification
factor indicates the ratio between forward and reverse
current at a certain applied bias voltage.

Figure 4 represents [-V characteristics under illumi-
nation with different power intensities (69.19 and 182.9
mW/cm?) at room temperature of the CdS/PSi HJ, con-
taining PSi layers prepared at etching time (30 min), 24%
HF concentration and for power density (0.24 W/cm®).

The photocurrent has been observed in reverse bias
only, and we can see from this figure, that the presence
of the light illumination strongly increases the reverse
current.

The photocurrent is always in the reverse bias direc-
tion due to it increases by increasing the depletion region
width. The increasing of the reverse bias voltage leads to
the increase in the internal electric field which leads to an
increasing in the probability of the separated electron—
hole pairs. The photocurrent increases with increasing
the incident power intensity, due to the increasing in the
number of the generated photo carriers in the depletion
region with the diffusion depth for carriers which de-
pends on the life time of the minority carriers on the two
sides of the depletion region [11].
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The capacitance—voltage characteristics have been
studied in this work. The variation of capacitance as a
function of reverse bias voltage for CdS/PSi HJ which
contains PSi layer prepared at etching time (30 min) is
shown in Figure 5. It is observed from this figure that

the capacitance decreases with increasing the reverse bias.

This decreasing was unexponential, that the capacitance
becomes constant approximately at high voltages. This
behavior was attributed to the increasing in the depletion
region width which leading to the increasing of built—in
voltage [7].

The relation between inverse capacitance squared
against the reverse bias at 30 min etching time is shown
in Figure 6. This exponential relationship represents that
the junction was an abrupt type. According to the ca-
pacitance—voltage measurements, the capacitance, the
built—in voltage, the width of the depletion layer and the
carriers’ concentration are equal to 48 x 102 F, 04V,
0.077 um, and 0.35 x 1018 cm respectively.

4. Conclusion

The porosity of PSi layer increases with increasing etch-
ing time. And it’s decreased with the increasing of HF
concentration. Also, the current-voltage characteristics
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Figure 4. The I-V characteristics under illumination for
CdS/PSi HJ.
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Figure 5. The variation of capacitance as a function of re-
verse bias voltage for CdS/PSi HJ.
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Figure 6. The variation of 1/C? as a function of reverse bias
voltage for CdS/PSi HJ.

exhibit rectification behavior may be due to the hetro
junction potential barrier at the CdS/PSi interface. The
photocurrent increases with increasing the incident power
intensity. The relationship between inverse capacitance
squared and the reverse bias represents that the junction
was abrupt type. The chemical deposition of CdS thin
film on porous silicon layer offers wide applications of
low-cost solar cells and detectors in hetrojunction struc-
tures.
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