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Abstract

Porous silicon layers have been prepared from n-type silicon wafers of (100) orientation. SEM, FTIR and PL have been
used to characterize the morphological and optical properties of porous silicon. The influence of varying etching time in
the anodizing solution, on structural and optical properties of porous silicon has been investigated. It is observed that
pore size increases with etching time and attain maximum for 20 minutes and then decreases. The PL spectrum peak shifis
towards the higher energy side, which supports the quantum confinement effect in porous silicon. The FTIR shows that
the Si-Hn peaks are observed at the surface of the PS layer and these chemical species also give raise the PL in PS.
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1. INTRODUCTION

Silicon has historically been the dominant material
for electronics, while work in optoelectronics has
relied almost entirely on III — V compound materials
such as GaAs and InP. The primary reason for this
dichotomy of materials systems has been the tenet
that light emission from silicon is impractical
because of its indirect band gap structure [1].
However the observation of room temperature
visible photoluminescencel (PL) in porous silicon
has demonstrated the potential for practical,
efficient silicon based emitters for optoelectronic
applications [2,3]. As a result the porous silicon
(PS) layers fabricated by electrochemical etching,
followed by pore widening treatment to decrease
the pore wall dimension, have become subjects for
intensive investigation [1,4]. Porous Silicon can
exhibit a large variety of morphologies and particle
size. It has been reported that the luminescence
of the PS is ascribed to the quantum confinement
effect (QCE) as well as to the presence of Si-Hn

bond near the surface of nano crystallites. However
the exact luminescence mechanisms and relevant
nanostructures still remain unclear [5]. So intensive
studies on PS continues.

By adjusting the formation parameters, porous
silicon with large range of porosities and
morphologies can be produced, which can be tuned
for several applications. In all PS applications,
information about the pore size and their distribution
and surface chemistry and their dependence on the
fabrication conditions plays a decisive role [6].
Correlation of observed physical properties with
the morphology of PS films and the relationship
between PS morphology and preparation parameters
is necessary. Principal parameters controlling macro
pore formation depend on the properties of silicon
substrate (crystal orientation, doping), anodizing
solution and temperature [6]. For a given substrate
at a fixed temperature, the pore formation will be
determined by the properties of anodizing solution
(HF concentration, current density, etching time and
bath illumination condition). In the present work,
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Fig. 1¢

an attempt has been made to study the relationship
linking the morphology, optical properties and
fabrication conditions of porous silicon formed
using n-type material.

2. SAMPLE PREPARATIONS AND
EXPERIMENTAL SETUP

Porous Silicon samples were prepared from n-type
Silicon wafers (100) orientation with a resistivity of
50Qcm. The samples have been prepared by keeping
the HF: ethanol ratio and current density constant
at 1:2 and 30 mA/cm? respectively and varying
the etching time and during anodization the wafer
was illuminated by a halogen lamp of 300 W. After
anodization the porous silicon samples were rinsed
in ethanol. The etching time used for the anodizing
process has a strong influence on the porous silicon
properties [7]. So the etching time is to be varied
to study its influence on the PS characteristics. The
experimental data on the relationship between the
etching time and the morphological and the optical
properties are discussed in the following sections.

Fig. 1d
Figure 1: SEM pictures of porous silicon samples formed with a) 10, b) 20, ¢) 30 and d) 40 minutes of etching time

The photoluminescence (PL) spectra were
recorded using Perkin Elmer LS 55 Luminescence
Spectrometer in the emission range of 200 — 800
nm, fixing the excitation wavelength at 450 nm. The
Fourier Transform Infra Red (FTIR) spectra of the
samples were recorded using the Shimadzu FTIR-
8400S spectrometer in the range of 600 — 2400 cm-!
with a resolution of 4 cm!. The Scanning Electron
Microscope (SEM) analysis was carried out using
Hitachi Scanning Electron Microscope - 450.

3.1. SEM studies:
A detailed view of the surface morphology has been

obtained using the Scanning Electron Microscope
(SEM). Figs. la, b, c and d depict the SEM images
of n-type porous silicon formed using different
etching times of 10, 20, 30 and 40 minutes. It can
be seen from the SEM picture in figure la, that
when an etching time of 10 minutes is used fairly
medium sized pores are formed; the pores are
surrounded by thick columnar structure network of
silicon walls. When the etching time is increased
to 20 minutes, it can be seen from the SEM image
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Figure 2: PL spectra of Porous Silicon samples prepared using various etching time

(figure 1b) that pores with maximum diameter are
formed all over the surface region of the etched
silicon layer. The pore size distribution is relatively
uniform and the columnar walls are thin. The figure
clearly indicates the sponge like structure of porous
silicon layer. Pores with such characteristics will
exhibit the quantum confinement effect (QCE) [5].
Further Kim et.al [7], found that the surface of the
pore exhibits an etched layer containing aggregates
of nanocrystallites and they also contended that it
is likely that the intense PL at room temperature
is attributable to the quantum confinement effect
owing to the presence of aggregates in the etched
layer of the PS. The average pore diameters are
2.1umand 3.5um at 10 and 20 minutes etching time
respectively. Thus as the etching time increases, the
average pore diameter also increases. The maximum
average pore diameter obtained is comparable to the
value reported by Kim et.al [5S]. When the etching
time is further increased to 30 minutes, the SEM
image reveals that (Figure 1¢) some of the pore walls
break exposing a small portion of the next layer.
When the anodizing time is still further increased to
40 minutes, the SEM image (Figure 1d) shows that,
most of the pore walls have been broken exposing a
major portion of the next layer.

Thus the study shows that the pore size and hence
the porosity of PS depends on the etching time i.e.,
the etching time is a parameter controlling the pore

size hence the porosity of the PS. It can be further
noted that even when the etching time is increased
by 10 minutes beyond the etching time of 20 minutes
which gives the maximum pore size, some of the
pore walls alone break, exposing a small portion of
the next layer; a further increase of 10 minutes in
etching time (totally 40 minutes) is needed to break
most of the thin pore walls and expose most part of
the next layer. This can be interpreted to mean that
the thin pore walls are strong. Such a conclusion is
in excellent agreement with the report of Lehmann
and Gosele [3] on the strength of the thin pore
walls.

3.2. Photoluminescence (PL) spectral studies
The photoluminescence (PL) spectra of the n-type

porous silicon formed using different etching times
of 10, 20, 30 and 40 minutes are displayed in figure
2. It can be seen that room temperature PL in the
visible region has been obtained for all the etching
times used. The PL intensity maximum has been
found to occur at 624 nm and 619 nm for the etching
times of 10 and 20 minutes respectively, indicating
that there is a blue shift of the PL maximum with
etching time.

It is interesting to note that the maximum PL
intensity of the PS sample increases with increasing
anodizing time and attains maximum for the
anodizing time of 20 minutes and the peak intensity
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Figure 3: FTIR spectra of Porous Silicon samples were prepared at various etching time
(X-axis—0-4 :Y-axis — 2400 — 600)

falls for further increase in etching time, which
shows that 20 minutes is the optimum etching
time for the n-type silicon to prepare PS. It is
highly likely that the increase of the PL intensity
is caused by the increase in the total volume of
the nanocrystallites on the surface of the PS [7].
When an etching time of 10 minutes is used, fairly
medium sized pores are formed (SEM studies); this
is supported by somewhat medium PL intensity.
Increasing the etching time to 20 minutes, the pore
size is maximum (SEM image); correspondingly
the PL intensity is also maximum with a blue shift
of the PL peak position. So it can be concluded that
as the porosity of PS increases there is a blue shift
of the PL peak position. Such a trend in PL peak
position shifting to the blue side, with increasing
pore size has been reported earlier [1-4, 6, 8]. The
availability of room temperature PL emission in the
visible range and a blue shift with porosity of PS
are strong evidences for the quantum confinement
effect (QCE) in porous silicon. According to Chen
and Chen [9], when the etching time increases,
electrons are confined to a narrower region as a result
this 1.8 eV peak is blue shifted. As the etching time
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is increased to 30 minutes, some pore walls break
exposing a small region of the next layer. (SEM
image). This is reflected in the PL spectrum by a
marginal fall in intensity from the maximum. When
the etching time is further increased to 40 minutes,
most pore walls break, exposing a major portion of
the surface of the next layer (SEM picture). This
is evidenced in the PL spectrum by a sharp fall in
intensity to a low value.

3.3. FTIR spectral studies

Figure 3 represented the FTIR spectra of the n-
type porous Si samples, prepared using different
etching times of 10, 20, 30 and 40 minutes. The
band assignments and vibration modes are given in
Table.1 [10, 11, 12]. It is seen that all the samples
with various anodizing times give rise to good
absorption bands of same frequencies. The table.1
shows that, the large internal surface of these PS
samples is covered with Si-Hn bonds, which
provides a very good passivation of the defects and
allows very attractive efficiencies to be obtained
[13]. From the Figure3, it can be seen that, sharp
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Table 1: Observed surface bonding in the porous silicon layer

Wave Number | Bonds Vibration Modes
cm’

2081 Si-H» stretch
1105,1150 Si-0-Si sym- stretch
914,912 Si-H, scissors
729 Si-OH stretch /bend
719 Si-OH stretch /bend
669,667 Si-H (or) | wagging (or)
624,622 Si-H, deformation

absorption bands are obtained for the etching
time of 20 minutes. Thus, same bands as for the
HF concentration variation and current density
variation cases have been obtained for the etching
time variation cases also. Further from Figure 3,
it can be seen that the absorption peak intensity
increases with the increase of anodizing time and
is maximum for the etching time of 20 minutes and
then the intensity falls slightly for the etching time
of 30 minutes and then falls sharply for the etching
time of 40 minutes.

This means that, the absorption peak intensity
follows the similar trend as the PL peak intensity
(figure 2 and 3) and so it can be taken that the
surface passivation also plays a major role in
determining the radiative efficiency of the porous
layer. Kim.et.al [14], have also pointed out that the
role of surface passivation is also very important
in determining the radiative efficiency of the PS
layer.

3.4. Aging studies of the PS samples
The photoluminescence (PL) spectra of the n-

type porous silicon samples after aging treatment
for 1, 2, 3 and 4 weeks are displayed in figure 4.
The PL intensity of the as-prepared PS has also

been shown in the same figure. Room temperature
PL in the visible region has been obtained for all
the samples. From the figure.4, it can be seen that
the PL intensity of PS has degraded after aging
treatment for every one week.

From the following FTIR figure 5, it can be noted
that the intensity of the 1105-1150 cm! peak
increases with increasing aging time, indicating
that the porous silicon is oxidized due to aging and
the degree of oxidation increases with increasing
aging time. This peak at 1105-1150 cm-!, Si-O-Si
asymmetric stretching mode vibrations, is dependent
on the degree of oxidation of porous silicon. The
remaining oxygen might have originated from the
survived water in the pores of the porous silicon. The
intensities of Si-Hn bands decrease with the aging
time, meaning that the hydrogen on the PS surface
desorbed during the aging. These conclusions are
consistent with the conclusions arrived at by Chen
Songyan ET al.[15], Zhao ET al [16] and Nakumara
et al [17]. This oxidation layer does not seem to
have good passivation of the dangling bonds, which
in turn leads to poor radiative emission. When the
PS sample exposed to aging, the intensities of FTIR
signals from Si-Hn bands drastically reduced and
the PL intensity falls due to depassivation. From
the Figure 5, it can be seen that the intensities of Si-
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Figure 4: PL spectra of as-prepared PS and PS after aging.
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Figure 5: FTIR spectra for as prepared PS and PS after aging
(X-axis —0-3.5 :Y-axis — 2400 — 600)
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Hn bands decrease with the increase of aging time.
Thus the absorption peak intensity of Si-Hn bands
follows more or less the same trend as the PL peak
intensity (figures 4 and 5). So it can be assumed
that the surface chemical composition also plays a
major role in determining the radiative efficiency of
the porous layers [14].

4. CONCLUSION

The SEM pictures show that by increasing etching
time in the electrolyte the pores size are widened
and attained the maximum at 20 minutes. The
PL spectrum also gives that at the 20 minutes,
the intensity attains the maximum value and the
peak shifts towards the higher energy side, which
supports the quantum confinement effect in porous
silicon. The FTIR shows that the Si-Hn peaks are
observed at the surface of the PS layer and these
chemical species also give raise the PL in PS.
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