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Abstract Porous silicon layers (PSi) were prepared from p-type silicon wafer by using electrochemical cell with
etching time 20 min, current 30 mA and fixed electrolyte solution HF:C2H5OH (1:4). The effect of increase of γ-ray
intensity (50Gy and 100Gy) on the structural properties of porous silicon has been studied using SEM, AFM, XRD
and Raman spectrum. The SEM images before irradiation shows high density and randomly distributed of pores that
cover all of the surface which have different size and spherical shape. After irradiation by 50Gy, the pores seems
more obvious, discriminate and larger diameters. The initial elementary pores on the PSi surface decrease with the
increasing of radiation intensity to 100Gy, as a result of formation of new pores with in the initial layer of Psi. The
AFM images show that the roughness of the samples increase with irradiation. XRD spectrum before irradiation did
not show clearly any featured peaks while the spectra after irradiation show the presence of different peaks but the
most important distinctive was <111> peaks at ( 2θ = 28.12) which give indication that the structure is cubic. An
extremely symmetric band shape were recognized from Raman spectra of the samples after and before irradiation.
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1. Introduction
Crystalline silicon is the most widely used
semiconductor because of its physical and electrical
property such as a small indirect band gap (1.12eV) and
emits light weakly near the infrared region by phonon
assistance [1].
Porous silicon was discovered in 1956 by Ulhir while
performing electropolishing experiments on silicon wafers
using an electrolyte containing hydrofluoric acid (HF), it
can be considered as a silicon crystal having a network of
voids [2]. In the 1970s and 1980s, interest in PSi increased
because of its high surface area was found to be useful as
a model of the crystalline silicon surface in spectroscopy
studies, As a consequence, it has become the favor
material for sensing applications because of the low power
consumption, low cost and its compatibility with silicon –
based technologies [3].
The physical properties of porous silicon are
fundamentally determined by the shape and diameter of
pores, it has a wide area of potential applications such as
waveguides, 1D photonic crystals, chemical and biological
sensors [4].
In this study we were prepared porous silicon layer by
using electrochemical cell with etching time of about
20min, current 30mA and electrolyte solution HF:C2H5OH
(1:4). The SEM, AFM, XRD and Raman spectrum have
been used to characterized the morphology and structural

properties of the samples before and after irradiation by
50Gy and 100Gy gamma ray.

2. Experimental
P-type silicon wafer of <111> orientation was used as a
substrate for the samples. The wafer was divided in a
small pieces (1cm x 1cm). The wafer surface have been
cleaned using a suitable solutions such as Isopropanol,
Methanol, Hydrofloric acid and Aceton.
The samples were prepared using electrochemical cell
as shown in Figure 1, the cell is made out of Teflon which
is resistive against attack from the Hydrofloric acid electrolyte.

Figure 1. a schematic diagram of the circuit used in the samples
preparation

The silicon wafer serves as the anode and it is
sandwiched between the top and the bottom parts of the
Teflon.
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The cathode is a circular gold that is submerged in the
Hydrofloric acid electrolyte, the cathode is held in place
by the top part of the Teflon cell and an aluminum ring.
The hydrofloric acid electrolyte is placed inside the top
part of the Teflon cell as shown in Figure 2. Enough
electrolyte must be present to supply the required fluorine

ions and to cover the gold cathode. The top part of the
Teflon cell has a circular window of area 1cm2, which
exposes the silicon to hydrofloric acid and form the
porous silicon. The electrochemical process is carried out
under constant current 30mA and period of about 20min.

Figure 2. image of the electrochemical cell used in the sample preparation

3. Results and Discussion
Porous silicon layers have been prepared from p-type
silicon wafer using electrochemical cell. The process has
been carried out of a constant current 30mA and a period
of about 20 min. Samples surfaces were imaged before
and after irradiation using scanning electron microscopy

(SEM) and atomic force microscopy (AFM) in addition to
X-ray diffraction (XRD) and Raman spectrum.
Figure 3 shows SEM images of porous silicon without
irradiation in a different magnification (1000X, 5000X,
10000X, 20000X). We observed the emergence of high
density numerous pores which randomly distributed on the
surface of PSi, in order to increase the visibility of pores
formed in silicon we have been enlarge magnification
degree of samples images.

Figure 3. SEM images of porous silicon without irradiation in a different magnification degree (x1000, x5000, x10000, x20000)

After irradiation by 50Gy gamma ray, we note that the
pores diameter increases since the radiation is destroy the

thin walls between neighbor pores and cover all over the
sample surface which clearly recognized at 20000X Figure 4.
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Figure 4. SEM images of porous silicon after irradiation by 50Gy gamma ray in a different magnification degree (x1000, x5000, x10000, x20000)

Figure 5. SEM images of porous silicon after irradiation by 100Gy gamma ray in a different magnification degree (x1000, x5000, x10000, x20000)

Figure 5 shows SEM images of samples after irradiation
by 100Gy gamma ray, we note that the pores possess
medium volume as a result of pores diameter increase and

this reduce the number of pores on the PSi surface causing
low porosity. It is worth mentioning that the increase in
irradiation power will decrease the porosity and this was
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deduced by comparing the dimensions of the pores
irradiated by 50Gy and 100Gy gamma ray [5].
From Figure 6, the band gape of porous silicon was
calculated for the samples before and after irradiation

from photoluminescence spectrum, the band gap was
determined for un-irradiated samples of about (2.02 eV)
and decreases with irradiation power to about (1.96 eV)
for 50 Gy and (1.77 eV) for 100 Gygamma ray [6].

Figure 6. the photoluminescence for porous silicon (a) before irradiation, (b) after 50 Gy gamma ray irradiation and (c) after 100 Gy gamma ray
irradiation

The mean pores diameter in the PSi layer on the p-type
silicon substrate was calculated form the following
equation [7]:

1 
h2  1
E (eV ) =
Eg +
 ∗ + ∗ 
2
8d  m e m h 

(1)

E(eV): band gap that was calculated from
photoluminescence spectrum.
Eg: band gap of the bulk silicon (eV)
h: Plank constant
m*h, m*e: electron and hole effective mass respectively.
m*e =0.19 m0 and m*h =0.16 m*h =0.16 m0 at room
temperature.

The calculated pores diameter for PSi was (9.32 nm) for
un- irradiated species, (9.65 nm) for the samples that was
irradiated by 50 Gy and (10.97 nm) for the samples that
was irradiated by 100 Gy gamma rays.
The roughness of the samples surfaces before and after
irradiation was studied using AFM. Figure 7 shows that
there is variation in the values of the surface roughness
and whenever the amount of the gamma irradiation
increased the surface roughness rate increase. Thus the
surface roughness rate is directly proportional to the
amount of irradiation, as well as we noted that the
distribution of the pores silicon was random, irregular and
the spaces (voids) covers all over the surface [4,8].

Figure 7. AFM images of porous silicon surfaces (a) before irradiation, (b) after 50 Gy gamma ray irradiation and (c) after 100 Gy gamma ray
irradiation

X-ray diffraction (XRD) technique was used to
examine the crystalline structure of the p-type porous

silicon layers. The (XRD) spectrum of the samples was
analyzed before and after irradiation as shown in Figure 8.
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Before irradiation, from the (XRD) spectrum shown in
Figure 8-a we observe the existence of a distinctive cubic
peak (111) at diffraction angle of about 2θ=28.12° in
addition to another low intensity peaks such as (220),
(311), (400), (331), (422) and (511) at diffraction angles 46.9°,
56.25°, 69.9°, 77.25°, 88.12° and 96.88° respectively.
After irradiation with 50Gy gamma ray, the relative
intensity of distinctive<111> and other peaks were
increased, this increase in the relative intensity of each
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peak refers to the formation of pores that are affected by
the process of irradiation as in Figure 8-b.
Irradiation by 100Gy shown in Figure 8-c, we note that
the increase in the amount of irradiation will produce a
decrease in some peaks intensity and a rise in the others,
this variation in the relative intensity of the peaks can be
attributed to the irradiated porous silicon surfaces at
100Gy which reduces the number of pores and this is clear
from the SEM images.

Figure 8. The X-rays spectrum of porous silicon (a) before irradiation, (b) after 50 Gy gamma ray irradiation and (c) after 100 Gy gamma ray irradiation

Figure 9 shows the (XRD) spectrum for porous silicon
<111> before and after irradiation at a diffraction angles
25°-35°. The increase in the irradiation power produce an

increase in the full width half maximum (FWHM) of
distinctive peak <111>[1,9,10].

Figure 9. (XRD)spectrum for porous silicon (111) (a) before irradiation, (b) after 50 Gy gamma ray irradiation and (c) after 100 Gy gamma ray
irradiation at a diffraction angles 25°-35°

Figure 10 shows Raman spectrum before and after
irradiation for p-type porous silicon of <111> orientation,
the band shape was extremely symmetric for all cases and

the phonon frequency (phonon peak shift) appears at
(515cm-1) which is used to determine crystal size as in the
following equation [11]:
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a
∆w =− A  
L

(2)

a : Lattice constant = 0.543 Ao.
A= 52.3,γ=1.586

L: crystal volume = 2.12nm.
∆w optical phonon shift between the location of Raman
band of Psi ( ωPSi ) and the location of bulk Si ( ωcSi =521
cm-1) as given in the following equation:

∆w
= ωPSi − ωcSi

(3)

Figure 10. show Raman spectrum (a) before irradiation, (b) after 50 Gy gamma ray irradiation and (c) after 100 Gy gamma ray irradiation

• From Raman spectrum before and after irradiation,
the band shape was extremely symmetric for all cases.

The crystal volume (D) was determined in another way
using the following equations [11,12,13,14]:

D = 2π

2.0
∆w

(4)

D: crystal volume = 2.09 nm
∆w optical phonon shift between the location of Raman
band of PSi ( ωPSi ) and the location of bulk Si ( ωcSi
=521 cm-1) as given in the following equation [10]:

∆w= ωcSi − ωPSi

4. Conclusions
• Before irradiation process, a high density numerous
pores emerged which distributed randomly on the
surface of PSi. After irradiation by 50Gy gamma ray,
the pores diameter increases and by increasing the
irradiation the diameter increases more, the number
of pores on the surface of PSi causing low porosity.
• The band gap was determined for unirradiated
samples of about (2.02 eV) and decreases with
irradiation power to about (1.96 eV) for 50 Gy and
(1.77 eV) for 100 Gy gamma ray.
• The surface roughness rate is directly proportional to
the amount of irradiation. The distribution of the
pores silicon was random, irregular and the spaces
(voids) covers all over the surface.
• The (XRD) spectrum before irradiation showed the
existence of a distinctive cubic peak <111> in
addition to another low intensity peaks. After
irradiation with 50Gy and 100Gy gamma ray, the
peaks intensities varied randomly.
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