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A B S T R A C T

The electrodeposition of cobalt in the porous silicon (PSi) substrate was investigated in terms of the deposition
times and current densities. The PSi/Co samples were characterized by SEM, XRD, Raman, and photo-
luminescence (PL) spectroscopies. The results indicated that for all current densities, the PL intensities of PSi/Co
samples with shorter deposition times (ts≤ 20min) increased due to spherical Co nanoparticles (NPs) could be
created the new recombination centers, compared to that of the undeposited PSi. On the other hand, the PL
intensity of PSi/Co samples significantly decreased at longer deposition times (tl > 20min) because of larger Co
NP cluster promoted the formation of non-radiative centers. The increased PL intensities in samples with ts were
attributed to both the quantum confinement effect and surface effects. PL analyses also suggested that after
exposure to air for 60 days, PL characteristics of PSi/Co were stabilized depending on deposition time and
current density.

1. Introduction

Tunable and highly efficient, room temperature photoluminescence
of porous silicon (PSi) and its compatibility to the wide-spread silicon
technology have made it a very attractive material for potential appli-
cations in optoelectronics, chemical sensing and biomedical fields [1].
In addition to its unique photoluminescence (PL) properties, the ex-
tremely large surface area, the ease of its formation and controllability
of the surface morphology with the formation parameters are the other
interesting features of PSi. But, as well known, the metastable silicon-
hydrogen (Si-H) bonds in PSi matrix are easily broken by oxygen in the
ambient atmosphere which results in the degradation of surface
chemistry and instability of optical characteristic in PSi [2]. Due to the
outstanding instability problem of PSi, passivation of its surface is ne-
cessary to develop porous silicon-based optoelectronic devices.

In order to improve PL intensity of PSi as well as to passivate its
surface, substitution of surface hydrogen by transition metals has at-
tracted a considerable attention in the last decade [3–10]. However, a
limited number of studies, dealing with structural analysis and the light
emitting properties of PSi/Co by electrodeposition were reported in
literature as compared to the many reported works about PSi structures
deposited with other transition metals such as iron and nickel [3–5].
Among a few works on Co deposited PSi, for example, Zeng et al. [8]
investigated morphologies and chemical properties of Co passivated PSi

obtained by stain etching. In another work, the magnetic and PL
properties of the Co embedded PSi samples, prepared by the electro-
infiltration method, were studied by Noval et al. [9]. In that study, the
biocompatibility and nontoxicity of PSi/Co were also assessed. Rumpf
et al. [11] studied the effect of current density on the structural and
magnetic properties of cobalt deposited PSi obtained by electro-
deposition. In a more recent work, Bouzourâa et al. [6] reported the
effects of annealing temperature and immersion duration on PL char-
acteristics of cobalt-porous silicon nanocomposites prepared via im-
mersion method. Taking into account the findings of such studies
[6,8,10], we suggest that due to its high protection ability against
oxygen and high thermal stability, cobalt (Co), among all the transition
metals, may be the best candidate for a deposition material to achieve
an efficient and stable PL from PSi.

PSi/Co nanostructures can be produced by a variety of techniques
such as immersion method, stain etching, and electrodeposition
[6,8,11]. Among these techniques, electrodeposition provides the
ability to tailor size, shape, and morphology of the Co deposited under a
set of well controlled synthesis parameters [12]. It is also important to
note that the surface morphology and optical properties of Co nanos-
tructures on PSi depend sensitively on the parameters of electro-
deposition. Accordingly, the aim of the reported work is to investigate
how structural, morphological and PL properties of PSi/Co nanos-
tructures vary with the Co nanoparticles deposited via the
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electrodeposition technique under varying current densities and de-
position times. An analysis and discussion of PL properties of PSi/Co,
aged for 60 days, are also presented.

2. Experimental

Porous silicon (PSi) sample or substrate was obtained by cutting a
phosphorous doped, double-sided polished n-type Si wafer with (1 0 0)

orientation and 1–10Ω cm resistivity and carrying out an anodization
procedure in HF solution (40%)/Ethanol (99.8%) (1:1) with backside
illumination. The applied current density was selected as a constant
60mA/cm2 for 30min.

The cobalt deposition was carried out in dark with a two-electrode
system at room temperature. The working and counter electrodes were
a PSi substrate and platinum spiral, respectively. The solutions for
electrodeposition consisted of an aqueous solution of 0.1M

Fig. 1. FE-SEM images of a PSi sample prepared in 20% HF concentration at 60mA/cm2 for 30min by using the anodization method, (a) top-view, (b) cross-section
image.

Fig. 2. Top-view FE-SEM images of PSi/Co nanostructures deposited at 0.1 mA/cm2 for (a) 5min, (b) 10min, (c) 15min, (d) 30min, and (e) 60min; at 0.2 mA/cm2

for (f) 5min, (g) 10min, (h) 15min, (i) 30min, and (j) 60min.

Fig. 3. Top-view FE-SEM images of PSi/Co nanostructures deposited at 0.3 mA/cm2 for (a) 5min, (b) 10min, (c) 15min, (d) 30min, and (e) 60min; at 0.5 mA/cm2

for (f) 5min, (g) 10min, (h) 15min, (i) 30min, and (j) 60min.
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CoSO4·7H2O and 0.4M H3BO3 (pH=3.5). PSi/Co nanostructures were
prepared in the current density range from 0.1 to 0.5 mA/cm2 under
stirring conditions (ω=500 rpm) after reversing the polarization di-
rection. The electrodeposition durations were varied from 5 to 60min.
After deposition, PSi/Co samples were rinsed with distilled water.

Surface morphologies of PSi/Co nanostructures were investigated
using a field emission scanning electron microscopy system (FE-SEM,
QuantaFEG) attached with an energy-dispersive X-ray (EDAX) analyzer
to measure the sample composition. X-ray diffraction (XRD) patterns of
PSi/Co samples were obtained using a Philips X'Pert Pro X-Ray
Diffraction system employing a CuKα radiation (λ=0.15418 nm). The
Raman and PL spectra were recorded using an S&I MonoVista Raman
system employing an Ar-Ion laser with 488 nm wavelength emission, an
Olympus BX51 upright microscope, a 750mm focal length Princeton

Instruments monochromator with a proper set of 3 gratings, and a high-
resolution CCD camera array for a multichannel detection. The 488 nm
line of Ar-ion laser with a maximum power of 120mW was used for
sample excitations. PL spectra of PSi/Co samples aged for 60 days in
ambient air at room temperature were also recorded and compared
with those obtained from the fresh PSi/Co samples.

3. Results and discussion

3.1. SEM analyses

SEM images of the cross section and the surface of a freshly pre-
pared PSi substrate are presented in Fig. 1. The average pore diameter
in this PSi sample, which has a high porosity, is about 850 nm obtained

Fig. 4. Variation of cobalt and oxygen percentages in PSi/Co nanostructure obtained by EDAX analysis (as a function of deposition time).

Fig. 5. The cross-section FE-SEM images of PSi/Co nanostructures deposited at 0.1 mA/cm2 for (a) 5min, (b) 10min, (c) 15min, (d) 30min, and (e) 60min; at
0.2 mA/cm2 for (f) 5min, (g) 10min, (h) 15min, (i) 30min, and (j) 60min.

Fig. 6. The cross-section FE-SEM images of PSi/Co nanostructures deposited at 0.3 mA/cm2 for (a) 5min, (b) 10min, (c) 15min, (d) 30min, and (e) 60min; at
0.5 mA/cm2 for (f) 5min, (g) 10min, (h) 15min, (i) 30min, and (j) 60min.
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from the SEM image. These pores can be classified as macropores [13].
The pores are straight, but pore walls have considerably rough
morphologies. The average depth of the pores in PSi layer is about
50 μm with a columnar structure perpendicular to the Si substrate
surface. The pore channels are not interconnected with each other as
seen from Fig. 1.

Figs. 2 and 3 show the influence of the current density and the
deposition time on the morphologies of our PSi/Co samples. When the
electrochemical reactions were performed at 0.1 and 0.2 mA/cm2, Co
nanoparticles agglomerated, and Co clusters were formed on the PSi
surface (Fig. 2). Moreover, the nanoparticles in the Co cluster are sig-
nificantly smaller than those in the other PSi/Co samples. At 0.3 and
0.5 mA/cm2, as the deposition time was increased, the growth rate of
Co nuclei was increased as well, leading to the formation of thin Co
films composed of larger Co nanoparticles (Fig. 3). As can be seen in
Figs. 2 and 3, in the case of 5min deposition time, the resulting Co
nanoparticles are very small and nonuniform, whereas for 10min

deposition time, small cobalt clusters of spherical particles are observed
on the surface of PSi. When the deposition time increases to 15min and
30min, the resulting cobalt clusters of spherical particles become much
denser and bigger. It is also found that the largest clusters of spherical
Co nanoparticles are observed for 60min and these clusters consist of
Co nanoflakes [14]. As can be seen in the SEM images, the nanoflakes
have formed along the radial direction expanding from the center to the
edges of a nanoparticles cluster. Analysis of SEM images revealed that
Co nanoparticles were accumulated as clusters on the Co nanoparticle
clusters formed at the beginning of the deposition. From the SEM
images, we can say that as the deposition time increases, Co nano-
particles grow faster on Co clusters than those on silicon, consequently,
large Co clusters form a thick Co film layer on the surface [12]. This
result has also been confirmed by EDAX analysis. According to Fig. 4,
we can say that regardless of the applied current density, the amount of
Co in PSi matrix increases while that of oxygen decreases with de-
position time. The results of the SEM analyses suggest that size and

Fig. 7. XRD patterns of PSi/Co nanostructures deposited at 0.1 mA/cm2 for (a) 10min, (b) 30min, and (c) 60min; at 0.2mA/cm2 for (d) 10min, (e) 30min, and (f)
60min.
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thickness of Co nanostructures could be tuned by changing the de-
position time and current density.

Figs. 5 and 6 show the cross-sectional SEM images of PSi/Co sam-
ples deposited under various conditions. It should be noted that some
larger particles observed in the images may have fallen down during the
cleavage from the surface of PSi/Co. We can see from the images that
some pores are filled continuously from the bottom to the surface, but
some are empty or partially filled. The latter case is due to the bottle-
neck effect [15], which means the closing of the pore opening before it
is fully filled with the deposited metal. Fang et al. [15] and Fukami
et al. [16] presented that very high current densities may lead to nuclei
formation both the pore tip and the surface, whereas low current
densities might produce nuclei formation only in some pores, and then
inhomogeneous filling occurs. Thus, the applied current density must
be carefully selected to avoid pore bottleneck effect. For uniformly
filled pores, Co deposition occurs at the pore bottom and also entire
pore wall seems to be covered with Co nanoparticles. The cross-sec-
tional SEM analysis reveals that with increasing current densities and

deposition times, the amount of Co deposits in and on the PSi matrix
generally increase.

3.2. XRD analyses

The PSi/Co nanostructures were also characterized using X-ray
diffractometry (XRD). It can be seen from Figs. 7 and 8 that the XRD
spectra of the PSi/Co nanostructures prepared at 0.1 and 0.2 mA/cm2

current densities vary with changing deposition times. As seen from
Fig. 7, as the deposition time increases, the Si (4 0 0) peak intensity
decreases slightly. This result indicates that the thickness of the Co
layer increases with the increasing deposition time, as confirmed by
SEM analysis. From the diffraction peaks of PSi/Co, such as those
shown in Fig. 7(a–c), we can assign a hexagonal close packed (hcp)
phase for Co nanostructures [17,18]. As shown in Fig. 7(d–f), the XRD
spectra of PSi/Co prepared at 0.2 mA/cm2 have two weak peaks at 29
and 42.8°, corresponding to a cubic CoO structure [18]. Moreover, no
appreciable preferential orientation of the PSi/Co samples is observed

Fig. 8. XRD patterns of PSi/Co nanostructures deposited at 0.3 mA/cm2 for (a) 10min, (b) 30min, and (c) 60min; at 0.5mA/cm2 for (d) 10min, (e) 30min, and (f)
60min.
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in Fig. 7. Apart from the Co diffraction peaks, the Si (4 0 0) peak ob-
served at 70° is the main peak of the n-type Si (1 0 0) substrate. Fur-
thermore, the peak observed at 61.7° belongs to the Kβ radiation dif-
fracted from the Si (4 0 0) planes [19]. Similar diffraction patterns are
obtained for the PSi/Co samples prepared with 0.3 and 0.5mA/cm2

current densities (Fig. 8). The analyses of the XRD spectra of the PSi/Co
samples such those shown in Fig. 8 reveal an hcp-Co phase as inferred

from the peak at 65°, which was assigned to the (2 2 0) reflections from
CoO [17]. In Fig. 8, the Si (4 0 0) reflections are more visible because of
the low crystallinity of the CoO layer.

3.3. Raman analyses

Raman spectroscopy, which is a very sensitive technique to probe
the local atomic vibrations along with non-local phonons (as well as
electronic transitions and molecular rotations), is a suitable tool to
characterize Co nanostructures on PSi. Raman spectra of the as-pre-
pared PSi reference and PSi/Co nanostructures are given in Fig. 9. Five
fundamental Raman bands of PSi are observed at the 301, 430, 515,
615, 970 cm−1. Among these, 301 cm−1 and 515.5 cm−1 peaks are due
to 2TA and TO phonon modes of Si [13]. The peak around 430 cm−1

observed in the Raman spectra of PSi and PSi/Co samples is related to a
local Si phonon mode due to a compositional disorder and localization
in the PSi matrix [20]. The peak at 615 cm−1 is due to “wagging” vi-
brations of Si–H bonds (TO+TA) [21]. The broad and intense band
spanning the region from 900 to 1000 cm−1 is due to stretching modes
of Si–OH bonds on the surface [13]. We did not observe a 480 cm−1

peak in the Raman spectra of all samples which indicates that there is
no amorphous Si in the structure [22]. As seen in Fig. 9, after the
electrodeposition process, a new peak appears in the range of
640–665 cm−1 based on the current density, instead of the peak of the
Si–H bonds at 615 cm−1 in the Raman spectra of the PSi/Co samples. As
demonstrated by many authors [6,23–25], metal or metal-oxide bonds
occur between 620 cm−1 and 700 cm−1. Therefore, the new peak can
be attributed to vibrations modes of more stable Si–Co or Si–O–Co
formations after the breaking of weak Si–H bonds present in the PSi.
Moreover, as the current density was increased, the new Raman peak of
PSi/Co sample, prepared at 10min of deposition time, shifted to higher
wavenumber (from 640 cm−1 to 665 cm−1). In a similar manner, for 30
and 60min of deposition times, the Raman peak of Si–Co or Si–O–Co
shifted towards higher wavenumber (from 640 cm−1 to 660 cm−1 and
to 668 cm−1, respectively) with increasing current density, as seen in
Fig. 9. The shift of this band towards higher wavenumber can be at-
tributed to both increased particle size and residual stress in PSi/Co
matrix [25,26].

Raman results have shown that the Si TO phonon peak of the PSi/Co
samples with 0.2 and 0.3mA/cm2 current densities for 10min are more
asymmetric in shape compared to that of the reference PSi sample.
From Fig. 9 and Table 1, we have found that the Raman peak position of
the PSi/Co samples with 0.3mA/cm2 current density for 10min shifts
from 520 and 517 cm−1 down to 514.5 cm−1, and that the FWHM in-
creases from 2.4 and 6.0 cm−1 to 8.5 cm−1 relative to c-Si and re-
ference PSi sample, respectively. These observed changes in Raman
spectra of PSi/Co samples could be explained by the quantum con-
finement effect (QCE) considering that the size of the Si nanocrystallites
in the PSi/Co samples is under 5 nm, leading to the confinement of
optical phonons in Si nanocrystals among the pore walls [4,27]. On the
other hand, for 30- and 60-min samples, the shape of the main TO peak
of Si became more symmetric while its full width at half maximum
(FWHM) decreased indicating no quantum confinement effect occurred
in them. We have been also calculated size of the Si nanocrystallites of
PSi/Co samples using Microcrystal Model based on the QCE [13]. The
calculated size of nanocrystallites has been summarized in Table 1. As
can be seen in Table 1, the other calculated spectral parameters are the
coefficient of broadening (Cb) (FWHMPSi/FWHMc-Si) and the asym-
metric coefficient (Ca) (LWHM/RWHM, where LWHM and RWHM are
the left width at half maximum and the right width at half maximum
from the central peak position, respectively). We have found that as
increasing the deposition time, the FWHM of the main TO peak of Si,
the coefficient of broadening (Cb) and asymmetric coefficient (Ca) of
PSi/Co samples decrease, while nanocrystallite size of PSi/Co samples
increases. It should be important to note that as presented by many
authors [25,28], if the surface Si atoms bond to oxygen ions, the

Fig. 9. Raman spectra of as-prepared PSi/Co nanostructures as function of
current density, (a) 10min, (b) 30min, and (c) 60min deposition times (Raman
spectrum from an undoped reference PSi sample is also shown for comparison).
The insets of Fig. 9 show the weak and broad peaks appearing at
575–800 cm−1.
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electrostatic potential of electrons in Si increases due to the negative
charge of the oxygen, and this causes reducing the size of Si nano-
crystallites. Thus, obtained results from Raman analysis can be attrib-
uted increasing cobalt deposition and decreasing the oxygen level on
PSi surface with increasing deposition time, as confirmed by SEM and
EDAX analyses. We can conclude that although a major contribution of
the Raman scattering of PSi/Co samples belongs to the Si nanocrys-
tallites (less than 5 nm) of PSi/Co, Co nanostructures deposited on PSi

have a significant influence on Raman spectra of PSi/Co samples.

3.4. Photoluminescence analyses

Fig. 10 and Table 2 show the effects of deposition time and current
density on the PL properties of PSi/Co nanostructures. As already
mentioned, SEM analyses have revealed that the density of cobalt is
low, and the growth of cobalt cluster randomly occurs on the PSi

Table 1
Spectral parameters determined from Raman analysis and calculated crystallite size using microcrystal model (MCM) based on QCE.

Sample Deposition Time
(min)

Current Density
(mA/cm2)

Raman Frequency of Si
TO phonon peak (cm−1)

FWHM of Si TO
phonon peak
(cm−1)

Coefficient of
Broadening (Cb)

Asymmetric
Coefficient (Ca)

Size of the Si
nanocrystallites (nm)

c-Si – – 520.0 2.4 1.00 1.00 –

Reference PSi – – 517.0 6.0 2.50 1.25 5.4

PSi/Co 10 0.1 517.0 7.4 3.08 1.33 5.4
0.2 515.8 8.0 3.33 1.40 4.5
0.3 514.5 8.5 3.54 1.43 4.0
0.5 517.2 7.0 2.91 1.26 5.6

30 0.1 519.6 6.0 2.50 1.16 14.7
0.2 518.6 6.0 2.50 1.21 7.9
0.3 518.6 5.6 2.33 1.17 7.9
0.5 519.9 5.5 2.29 1.06 29.5

60 0.1 519.6 6.0 2.50 1.10 14.7
0.2 519.9 6.0 2.50 1.13 29.5
0.3 519.9 5.0 2.08 1.03 29.5
0.5 519.9 5.5 2.29 1.06 29.5

Fig. 10. Room temperature PL spectra of as-prepared PSi/Co nanostructures for varying deposition times, (a) 0.1 mA/cm2, (b) 0.2 mA/cm2, (c) 0.3mA/cm2, and (d)
0.5 mA/cm2, (The PL spectrum from an undoped reference PSi sample is also shown for comparison).
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surface for short deposition times (ts) at all current densities. However,
the effect of cobalt deposition on PL intensity of these samples is sig-
nificant and the PL intensities of these samples are slightly higher than
that of the reference PSi sample. These results indicate that the cobalt/
cobalt oxide nanoparticles deposited in the PSi matrix for 10 and
15min create new radiative recombination centers and changes the
surface electronics states, resulting in enhanced photoluminescence

intensities for the PSi/Co samples by a factor of 4 as compared to that of
the PSi sample. Among all our PSi/Co samples, the highest PL in-
tensities are from those with 10min at 0.2 and 0.3 mA/cm2 current
densities. PL enhancement in these PSi/Co samples can be explained in
terms of quantum confinement effect (Table 2). The results of Raman
and PL analyses show that with reducing size of the Si nanocrystallites,
the quantum confinement effect is enhanced, hence PL intensity

Table 2
Effect of the current density and deposition time on PL characteristics of PSi/Co nanostructures.

Sample Current Density
(mA/cm2)

Deposition Time
(min)

PL intensity (a.u.)
(as-prepared)

PL peak maximum (nm/
eV) (± 1 nm) (as-
prepared)

PL intensity (a.u.)
(after 60 days)

PL peak maximum (nm/
eV) (±1 nm) (after
60 days)

Degradation rate of PL
intensity (%)

Reference PSi 3050 692/1.79 2378 689/1.80 22.03

PSi/Co 0.1 5 4710 690/1.80 3664 691/1.79 22.20
10 6950 682/1.82 6167 680/1.82 11.26
15 2604 700/1.77 2210 702/1.77 15.13
20 2390 705/1.76 2065 703/1.76 13.59

0.2 5 4965 691/1.79 3956 692/1.79 20.32
10 11,429 671/1.85 10,800 671/1.85 5.50
15 9951 674/1.84 9410 675/1.84 5.43
20 2210 704/1.76 2082 706/1.76 5.79

0.3 5 4500 692/1.79 3577 695/1.78 20.51
10 11,861 668/1.86 11,220 669/1.85 5.40
15 7452 680/1.82 7048 679/1.82 5.42
20 5816 682/1.82 5518 687/1.80 5.12

0.5 5 2795 697/1.78 2125 699/1.77 23.97
10 4918 690/1.80 4708 691/1.79 4.27
15 2620 704/1.76 2510 701/1.77 4.19
20 1934 706/1.76 1847 709/1.75 4.49

Fig. 11. Room temperature PL from PSi/Co nanostructures as a function of deposition time after 60 days of exposure to air, for the samples with current densities of
(a) 0.1 mA/cm2, (b) 0.2 mA/cm2, (c) 0.3 mA/cm2, and (d) 0.5 mA/cm2, (The PL spectrum from an undoped reference PSi sample is also shown for comparison).
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increases. However, as can be seen from Fig. 10 and Table 2 the PL
intensity of PSi/Co samples prepared in short deposition times de-
creases with increasing current density due to the excessive Co de-
position. It is also observed that for all current densities, the PL peak
position of the PSi/Co samples, prepared at 5min, is close to that of the
reference PSi. When the deposition time increases to 10min, the PL
peak is blue-shifted (up to 24 nm in wavelength), but, with increasing
deposition time from 10min to 60min, the PL peak position is con-
sistently red-shifted (up to 14 nm in wavelength), compared to that of
the reference PSi. The blue shift of the PL peak position, i.e. the increase
in the band gap of the PSi/Co samples, could be resulted from the
oxygen atoms forming cobalt oxide compounds at the PSi/Co interface
for short deposition times [28–30]. On the other hand, observed red-
shift in the PL spectra of PSi/Co samples with increasing deposition
time, has arisen from the clustering Co nanoparticle on the surface
which causes an increase in the number of non-radiative centers
[31,32]. The results of our PL analyses show that the origin of the ef-
fective room temperature PL in PSi/Co nanostructures is attributed to
some different physical mechanisms, such as surface effects, in addition
to the quantum confinement effect. It should be also noted that the
results of the PL analyses are in good agreement with those of SEM,
XRD and Raman analyses.

As can be seen in Fig. 10, for long deposition times (tl > 20min),
the PSi/Co samples show a significant decrease in the PL intensities
with a shift towards longer wavelengths (up to 14 nm in wavelength,
red shift), due to the increased cobalt densities and particle sizes on/in
the PSi surface. This reduction in the PL intensities means that the
number of non-radiative centers increased with the increasing cobalt
density on the PSi surface causing a reduction in the probability of
electron-hole recombination process. This reduction of PL intensities
with increasing Co densities on the PSi surface is called the auto-ex-
tinction phenomenon [4,6,33,34]. We can conclude that both deposi-
tion time and current density affect the PL intensity of the PSi/Co na-
nostructure, but the effect of deposition time is more pronounced.

Fig. 11 shows the PL spectra of the PSi reference sample and PSi/Co
samples, prepared with different deposition times and current densities,
exposed to air for 60 days at room temperature. It is seen from Fig. 11
and Table 2 that, after 60 days of exposure to the air, the PL intensity of
the undoped PSi reference sample degraded dramatically, but the PL
intensities of the PSi/Co samples decayed more slowly depending on
the deposition time and current density. As previously mentioned in
SEM analysis, for 5min deposition time, small Co clusters of spherical
particles formed on the surface of the PSi/Co samples. Since the cluster
consisting of Co nanoparticles cannot passivate the surface to the de-
sired extent, degradation of the PL intensity is very high (Fig. 11 and
Table 2). This result indicates that PSi matrix contains a considerable
number of Si-dangling bonds, resulting in the degradation of the PL
intensity. It is well known that the poor PL characteristics of PSi na-
nostructures are due to Si–H bonds on their surface, which can easily be
broken by oxygen [1]. We can say that after exposure to air, the Si–H
bonds in PSi matrix turn into Si-dangling bonds which are proved to be
non-luminescent [1]. For 10–20min deposition times, the amount of
cobalt in PSi matrix increases and passivates most of the Si-dangling
bonds, as a result, the PL characteristics are stabilized. PL analyses
reveal that with increasing current density (from 0.1mA/cm2 to
0.5 mA/cm2) and deposition time (from 5min to 20min), degradation
of the PL intensity decreases due to Co atoms replaced with the H atoms
in Si-H bonds and formed more stable Si-Co bonds which act as new
radiative recombination centers in the PSi matrix. Consequently, the
presented results reveal that the PSi/Co sample with easily controllable
structural and optical properties, is a good candidate for the potential
applications in optoelectronic and sensor devices.

4. Conclusion

In this study, we have synthesized cobalt nanostructures on a PSi

matrix with varying deposition times and current densities using an
electrochemical deposition method. Then, we studied the effects of
deposition time and current density on the morphological and photo-
luminescence characteristics of the PSi/Co nanostructures by SEM mi-
crography and XRD, Raman and photoluminescence spectroscopies.
SEM analysis revealed that the Co nanoparticles have spherical shapes
for shorter deposition times (ts≤ 20min), while the nano-flake Co
structure has formed for the longer times. EDAX, XRD, and Raman
analyses confirmed the presence of Co in the PSi matrix.
Photoluminescence analyses revealed that at short deposition times
(ts≤ 20min), the PL intensities from PSi/Co samples increased by up to
a factor of 4 compared to that from the PSi sample, but, it decreased and
quenched for the samples at longer deposition times (tl > 20min). The
decrease in PL intensity can be ascribed to the enhanced non-radiative
recombination process, with increasing cobalt density on the PSi sur-
face. The enhancement of PL signal from PSi/Co samples at ts, with
respect to PSi reference sample, was attributed to a combination of two
causes, that are; firstly, a quantum confinement of the optical phonons
of Si nanocrystallites in the pore walls of PSi matrix, and secondly,
surface effects, such as Si–Co–O bonds, which generate new radiative
recombination centers. The improved PL emission from a PSi/Co na-
nostructure was stable even after PSi/Co samples were exposed to air
for 60 days. The presented results indicate that Co nanostructures are
ideally suited for the passivation of the PSi surface and tailoring the
properties of PSi. We may conclude that PSi/Co samples with remark-
able PL properties can make a significant contribution to the LED ap-
plications and to the literature.
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