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HW-CVD Deposited Nanocrystalline Silicon Thin Films at Low Substrate
Temperature with White-Blue Luminescence
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Abstract: We report the influence of deposition pressure on the morphology and structural properties of the nanocrystalline silicon (nc-Si) particles embedded in amorphous silicon oxide (a-SiOx) using hot wire chemical vapor deposition (HW-CVD). Catalyst material Tantalum (Ta) was employed
for the decomposition of source gases in the reaction chamber. X-Ray diffraction (XRD) and Raman
spectroscopy techniques were used to understand the thin film phase transition. Different bonds in the films, for example
Si-H, were identified using Fourier transform infrared spectroscopy (FTIR) and the role of hydrogen species in inducing
crystallization has been discussed. Particular pressure limit has been found to be adequate for the growth of silicon related
crystalline particles. The samples deposited at substrate temperature of 200 °C, has shown photoluminescence spectra
from blue to red zone, and the parts of the visible spectra has been found to be in correlation with the size of nc-Si and/or
defects present in the thin film. This low temperature deposited Si based thin films using HW-CVD could be useful for a
visible light emitting device production.
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1. INTRODUCTION

The relative abundance in nature and non-toxic property
of Si as compared to other elements has made it a technologically important and widely researched material [1]. After
the demonstration of photoluminescence properties of porous Si by Canham et al. [2], other groups started employing silicon towards optical devices. Since then, nc-Si
has attracted much attention due to its benefits, for example
their good photoluminescence response [3], possibility to
tune the band gap [4] and reduced light-induced degradation [5].
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To enhance the optical properties of silicon, the confinement effect plays a crucial role [6]. Embedding nc-Si in
SiOx is one of the ways to achieve quantum confinement
due to the differences in the respective band gaps [7]. Previously many reports have been made with plasma enhanced
chemical vapor deposition (PE-CVD) as the deposition
technique, but more recently hot wire chemical vapor deposition (HW-CVD) has emerged as one of the well-known
alternative deposition technique. HW-CVD has its own
advantages l i k e no plasma damage of thin films and
more effective use of source gases [8, 9].
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In this work, we report the synthesis of nc-Si crystallite
particles embedded in a-SiOx film using HW-CVD at low
substrate temperature of 200 °C. The aim of this work was to
understand the effect of the chamber pressure on photoluminescence properties of nc-Si embedded in SiOx by studying
their morphological changes.
2. EXPERIMENTAL DETAILS
2.1. Sample Preparation

The HW-CVD system used for the depositions is a topdown type system, and has been described elsewhere [10,
11]. The distance between filament and substrate was kept
constant at 5 cm. Two types of substrate materials were
used i.e. Corning glass 2497C and boron doped crystalline
silicon. The RCA method was used for cleaning the substrates [12]. The filament temperature (Tfil) and the substrate temperature (Tsubs) were kept at 1750°C and 200°C,
respectively. The flow rates of SiH4 , H2 , B2 H6 and O2 were
maintained at 5, 5, 10 and 0.5 sccm respectively. After allowing the flow of all four gases, the pressure in the chamber was maintained at three different values: 0.082, 0.1 and
0.2 Torr (by controlling the valve), respectively. The
growth rate of thin films was 1.92-2.01 Å/s at 0.1 Torr and
for other two pressures, the deposition rate was lesser and
the film thickness was in the order of 180 nm.
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2.2. Characterization of Thin Films
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In HW-CVD, the main nature of the deposited thin film
depends on the radical formation from the source gases as they
are introduced in the chamber, and when they react on the hot
surface of the filament [13]. Resultant thin film properties and
thus, also the optical response depends on number of variables
such as filament temperature, substrate temperature, filament
to substrate distance and the chamber pressure. In earlier
work, the role of pressure (0.01 to 0.05 Torr) has been studied,
finding that an increase in pressure results an increase in crystalline fraction too [14]. However, other authors reported the
presence of an amorphous phase with an increase in pressure
from 0.02 to 0.15 Torr [15]. Optical measurements as photoluminescence (PL) were never been observed previously with
respect to crystallization of the film at low substrate temperatures. In these experiments, we found different phases for the
three distinguishable pressure values (0.082, 0.1 and 0.2 Torr)
and correlated the structural morphology with the observed PL
spectra. Transitions among phases were analyzed by two techniques: X-Ray diffraction and Raman spectroscopy. XRD
patterns were recoded with Siemens D5000. Raman spectra
were taken using Jobin-Yvon T64000 spectrometer. Fourier
Transform Infrared (FTIR) spectra were recorded in absorption mode with a resolution better than 1 cm-1, within the 400
to 4000 cm-1 range, in a nitrogen atmosphere to identify the
various bonds associated with thin films using nexus 470
Thermo Nicolet spectrometer. PL spectra were obtained using
a Kimmon Koha He–Cd laser with excitation wavelength of
325 nm at room temperature.
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3. RESULTS

Fig. (1a) shows the XRD pattern of the deposited thin
films as a function of the deposition pressure. Phase transition
from amorphous phase is observed with the increase in the
chamber pressure. When the pressure is low (0.082 Torr),
amorphous phase could be seen from the spectra, whereas,
with the further increase in pressure to 0.1 Torr, respective
planes (111), (220) and (311) related to Si could be seen. At
0.2 Torr, mixed phase nature of the thin film could be observed.
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Raman spectra analysis is also one of the advanced characterization technique to characterize nc-Si thin films embedded in oxide matrix and especially to observe transition
from amorphous to crystalline phases. For crystalline samples, the characteristic peak related to transverse optical vibrational mode of silicon appears at 520 cm-1, whereas for
amorphous phase can be found at 480 cm-1. The phase transition can be observed by spotting the Raman peak position
with respect to these two peaks [16].

Fig. (1b) shows the tendency of the Raman spectra of the
films deposited at conditions mentioned in Fig (1a). Si peak
position of the spectrum is observed at 480.09 cm-1 representing amorphous phase for the samples deposited at 0.082 Torr.
However, when pressure is increased to 0.1 Torr, the peak
position is shifted to 519 cm-1. With further increase in pressure to 0.2 Torr, one broad shoulder at 485 cm-1 and an additional peak at 514 cm-1 can be observed.

FTIR spectroscopy results are shown in Fig. (2). From
the spectra, Si-H wagging and stretching vibrational modes

Fig. (1). (a) and (b), XRD and Raman spectra, respectively of films
deposited with Ta wire, for several process pressures with
Tfil = 1750°C, Tsubs = 200°C and constant H2/ SiH4/B2H6/O2 = 5/5/
10/0.5 sccm flow.

can be observed at 640 cm-1 and 2000 cm-1, respectively
[17]. A double band centered at 2000 cm-1 and 2100 cm-1
could also be observed respectively. This double peak is
evolved with the change in the pressure value. The same
observations have been made by other groups and are related
with the variation in hydrogen concentration in the thin films
[14, 18]. According to the reported work, the peak at
2100 cm-1 corresponds to the stretching vibration mode of dihydride species Si-H2 [19, 20]. In our experiments, no other
significant shift in the peaks has been observed only apart
that for crystalline sample movement in bonding state from
2000 cm-1 to 2100 cm-1 has been observed. On the other hand
for amorphous samples broad peak could be observed at
2000 cm-1.
Fig. (3) illustrates the comparison of (PL) spectra from
Ta deposited samples at different pressure values. In the
case of 0.082 Torr, one broad shoulder is observed between
near 500 nm and 550 nm. With the increase in pressure to
0.1 Torr, the peak position shifted to near 480 nm and one
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Fig. (2). FTIR spectra of nc-Si/SiO2 film deposited using HW-CVD at various process pressures.

Fig. (3). PL spectra of films deposited with Ta filament at pressures of 0.082, 0.1 and 0.2 Torr.
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more shoulder could be observed at around 530 nm. With
further increase in pressure to 0.2 Torr, peak at 480 nm
becomes more intense and bright blue-white luminescence
emission was observed. However, the possible PL mechanism could be due to the electron-hole recombination at ncSi/SiOx interface from particles observed in HRTEM image (Fig. 4) [21, 22] or it could be due to defect sites like
non-bridging oxygen hole center (NBOHC) [23]. More

analysis regarding the emission mechanism has been given
in following section.
4. DISCUSSIONS

In HW-CVD, as the foremost gas molecules are introduced into the chamber with the course of time and various
reaction phases they get converted into different radical spe-

Fig. (4). HRTEM images showing the small nanoparticles of various size distributions at 0.1 and 0.2 Torr.
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With further increase in pressure up to 0.2 Torr, a mixed
phase is detected for the film. By the increase in deposition
pressure after a certain limit, it results an increase in radical
density, which reduces the mean free path of the radicals
[18]. This consequence in proliferation of the number of
collisions, which may reduce the essential radicals reaching
the substrate required for the crystallization [28].
Fig. (4) shows the HRTEM image of Si nanocrystallites
embedded in silicon oxide thin films deposited at 0.1 and
0.2 Torr. Shift in the visible spectra of PL for 0.1 and 0.2
Torr in Fig. (3) can be explained using the concept of quantum confinement effect. The PL peak position shifted to
lower wavelength with the decrease in the grain size for 0.2
Torr and even the intensity is much more as compared to the
PL spectra for 0.1 Torr. The PL spectra observed for 0.082
Torr could be correlated to Si-H bonding present [29] or it
could be likewise related to surface trapped exciton states
[30]. In one of the recent reports, UV emission from silicon
thin films has been correlated with the non-bridging oxygen
hole centers (NBOHCs) and Si-OH surface complexes [31],
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cies. The reaction among various primary radicals subsequently generates the secondary radicals [13] which finally
influences the thin film properties. Formation of secondary
radical species like SiHx (1x4) depends on number of factors, for example the hydrogen concentration, chamber pressure and distance from filament to substrate [14]. When the
pressure is less (0.082 Torr), an amorphous phase is detected
using both Raman and XRD. FTIR absorption broad band is
observed at 2000 cm-1 i.e. representing Si-H bonding. At
relatively higher pressure i.e. 0.1 Torr; crystalline phase is
identified by XRD and Raman. As a result, peak shift in the
absorbance band from 2000 cm-1 to 2100 cm-1 [24, 25] is
observed [26]. This specific peak shift shows the importance
of the Si-H2 species for developing the crystalline phases
[20, 26, 27]. The role of Si-H2 radicals on crystallization is
verified by performing another set of experiments with increasing the filament temperature (Tfil) and the results are
shown in Fig. (5a and b). From the respective figures, transition from amorphous to crystalline phase and correspondingly
from Si-H to Si-H2 bonding is observed at 1700 °C, which
authenticates the role of Si-H2 in inducing crystallization.
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Fig. (5). (a) and (b), XRD and FTIR spectra, respectively of samples deposited with Ta wire at different filament temperatures (Tfil), with
H2/ SiH4/B2H6/O2 = 5/5/10/0.5 sccm flow at 0.1 Torr.
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5. CONCLUSION

Influence of the deposition pressure on the phasetransition of nanocrystalline silicon thin films developed
using HW-CVD was studied. Using XRD, Raman, HRTEM
and FTIR, changes in the morphological and optical properties in the films were made. In general, thin films demonstrated in the present work exhibited blue-white luminescence from as deposited samples without any post heat
treatment processes. PL emission for the films deposited at
0.1 and 0.2 Torr was explained with the quantum confinement effect, whereas for the film deposited at 0.082 Torr it
can be explained with the defect states. Room temperature
observed intense visible emission in this work shows the
importance of this technique to be used for future optoelectronic device applications.
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whereas other report have illustrated confinement as the
cause of visible emission [32]. In other work, authors
showed that some part of the visible emission spectra arises
from the respective defect states and other as an outcome of
confinement effect [33]. In the present case, kind of blue
shift observed (0.1 and 0.2 Torr) for the intense visible emission strongly remarks the role of confinement in inducing the
energy level traps for the particular emission.
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