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High density of silicon nanowires (SiNWs) were synthesized by a hot-wire assisted plasma enhanced
chemical vapor deposition technique. The structural and optical properties of the as-grown SiNWs
prepared at different rf power of 40 and 80 W were analyzed in this study. The SiNWs prepared at rf
power of 40 W exhibited highly crystalline structure with a high crystal volume fraction, X of ~82%
and are surrounded by a thin layer of SiO,. The NWs show high absorption in the high energy region
(E > 1.8 eV) and strong photoluminescence at 1.73 to 2.05 eV (red-orange region) with a weak shoulder
at 1.65 to 1.73 eV (near IR region). An increase in rf power to 80 W reduced the X to ~65% and led to
the formation of nanocrystalline Si structures with a crystallite size of <4 nm within the SINWs. These
NWs are covered by a mixture of uncatalyzed amorphous Si layer. The SiNWs prepared at 80 W
exhibited a high optical absorption ability above 99% in the broadband range between 220 and
~1500nm and red emission between 1.65 and 1.95eV. The interesting light absorption and
photoluminescence properties from both SiNWs are discussed in the text.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Considerable research efforts have been focused on one dimen-
sional silicon nanowires (SiNWs) as devices and building blocks for
future nanoelectronic applications due to their excellent structural
[1-7], optical [8-13] and photoluminescence [14-29] properties.
SiNWs possess different degrees of crystallinity, such as single
crystalline [1-4], polycrystalline [31,32], nanocrystalline [33,34]
and amorphous [35-38] structures depending on the techniques
of synthesis and growth conditions. Highly crystalline SINWs exhibit
greater electron mobility than those with an amorphous structure
[39]. Amorphous SiNWs on the other hand possess a better cycling
performance in lithium batteries [40] and higher optical absorption
[11] compared to crystalline NWs.

SiNWs exhibit a significant higher surface area to volume ratio
than the bulk Si. Interaction of light with the subwavelength SiNWs
could result in the total internal reflection, which causes a further
reduction in the optical reflection and enhances the light trapping
behavior of SINWSs. Excellent light absorption in SiNWs at the UV
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and visible region has been reported by several researchers [9-13].
Zhu et al. [11] investigated the light absorption ability of Si
nanostructures for different angles of incidence at wavelength of
488 nm. They observed absorption above 90% at an angle of
incidence up to 60° for Si nanocones. This effective photon absorp-
tion plus the high carrier collection abilities of SINWs are believed to
give great performance in photovoltaic applications. It could also
lead to the development of the new generation of NW based
solar cells.

SiNWs also exhibit room temperature visible light emission
properties, which is absent in bulk material. The luminescence
behavior in SiNWs is usually associated with quantum confine-
ment effect [14-16], SiO (sub-oxide or silica) [17-20], suboxide
defects at the SiO,/Si interface [21-24], oxide related defect state
[25,26], Si nanocrystallites within SINWSs [27] or any combination
of these [28,29]. It is well-known that quantum confinement
effect could only be considered if the diameter of NWs is less
than 10 nm. For SiNWs with larger diameters, the surface species,
such as Si nanocrystallites and oxide defect states are the
main contributors to the luminescence properties. Besides, the
luminescence characteristic of SINWs is very much dependent on
the morphology of the NWs. Sun et al. [27] reported that the
chainlike SiNWs comprising of crystalline Si nanoparticles
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interconnected by amorphous Si oxide NWs exhibit a much
stronger emission intensity than the normal SiNWs. SiNWs are
therefore potential materials for applications in light emitting
diodes and nano-optoelectronic devices [30].

Chemical vapor deposition (CVD) combined with a catalyst
induced vapor-liquid solid (VLS) process appears to be one of
the most promising techniques to grow SiNWs due to its easy
handling and controllable growth process. However, high tem-
perature (~600 °C) is required to thermally decompose silane
(SiH4) gas into reactive radicals, which are responsible for the
growth of SiNWs. In plasma enhanced chemical vapor deposition
(PECVD), the dissociation of SiH, occurs at relatively low tempera-
ture. The growth of SINWs at a much lower substrate temperature
(<400 °C) has been demonstrated by researchers [5-7,41]. In
PECVD process, radio frequency (rf) power is an important para-
meter, which could affect the gas phase reactions in SiH4 plasma and
yield different combinations of Si,H,, ionic radicals. By varying the rf
power, the growth, crystallinity and optical properties of SINWs can
be controlled.

We have recently reported details on the synthesis of SINWs
on ITO coated glass substrates using hot-wire assisted PECVD
technique [43]. High density of SiNWs was obtained using this
technique. Direct preparation of SiNWs on this transparent
substrate enables the optical measurements to be performed. In
this work, we are reporting the results on a fundamental study
done on the structural, optical and photoluminescence properties
of these SiNWs.

2. Experimental methods

SiNWs were synthesized on ITO coated glass using a home-
built hot-wire assisted PECVD system. Prior to the growth, the
surface of the substrates were subjected to H, plasma for 5 min at
substrate temperature and rf power of 400 °C and 40 W, respec-
tively. The H, plasma leads to formation of In droplets on the
surface of the substrates [42], which acted as catalyst for inducing
growth of SiNWs. The sizes of the In droplets varying from 50 to
250 nm (average size ~70 + 20 nm). For SiNWs growth, SiH4 and
H, gases with flow rates of 5 and 150 sccm, respectively, were
introduced into the reactor resulting in an increase in the pressure
to 0.7 mbar within the reactor. The SiNWs samples were deposited
for 30 min at rf powers of 40 W and 80 W. The details on the
deposition procedures have been presented elsewhere [43].

The surface morphology of samples was examined by a FEI
Quanta 200 field emission scanning electron microscope (FESEM).
The structural properties and crystallinity of the SiINWs were studied
by Raman spectroscopy, high resolution transmission electron
microscopy (HRTEM) and selected area electron diffraction (SAED).
Raman spectra of SINWs were obtained from an InVia Reflex Raman
microscope with a Raman imaging using Renishaw’s StreamLine
imaging method, at 532 nm diode laser excitation. The HRTEM
images and SAED patterns were taken by a Philips Tecnai 20 TEM
and a JEOL 2010 TEM. The attached electron-dispersive X-ray (EDX)
spectroscope on JEOL 2010 TEM was employed to obtain the EDX
spectra on SiNWs. The chemical composition of SINWs was further
investigated using a Jeol JAMP-9500F Field Emission Auger
Microprobe. With the high resolution of Auger electron imaging,
the Auger electron spectra for single NWs can be obtained using a
probe diameter of 8 nm. Fourier transform infrared (FTIR) spectra
of samples were obtained from Perkin-Elmer System 2000 FTIR
with a variable angle specular reflectance accessory attached on
it. A JASCO V570 ultra-violet visible near-infrared (UV-vis-NIR)
spectrophotometer was employed for optical transmission (T)
and reflectance (R) measurements of samples at a range of
200-2200 nm with a Deuterium discharge tube (200-350 nm)

and a Tungsten iodine lamp (330-2200 nm). Photoluminescence
(PL) measurement was performed by the InVia Reflex PL micro-
scope using Ar* laser with 514 nm of excitation wavelength.

3. Results and discussion

The morphologies of SINWs synthesized at rf power of 40 and
80 W are represented by FESEM images as depicted in Fig. 1. The
NWs are curve shaped and kinked, and are randomly grown
overlapping each other. Most of the NWs show large catalyst
droplets capped on top, which suggests that the typically
vapor-liquid-solid (VLS) mechanism was taking place in the
NWs growth. EDX and Auger measurements (not shown here)
confirmed that capping droplets mainly consisted of In element.
Due to the high wettability of In [41], the molten In droplets
created a large contact angle (~125°) [44] and small contact area
with the substrate. Thus, the NWs grown from the In droplets
possessed much smaller diameter than the capping droplets. The
diameters of SiNWs prepared at 40 W vary from 40 to 140 nm.
Increase in rf power to 80 W results in the increase of the NWs
density and broader NWs diameter distribution from 60 to
400 nm. The increase in NWs diameter distribution is due to the
non-uniform side wall growth of the NWs mainly contributed by
increase in SiH, species reaching the nucleation sites at high rf
power. Similar work reported by Adachi et al. [7], described

Fig. 1. FESEM images of SiNWs prepared by hot-wire assisted PECVD at rf power
of (a) 40 W and (b) 80 W.
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coverage of uncatalyzed amorphous Si layer on the walls of the
SiNWs with increase in the rf power producing the plasma,
resulting in an increase in diameter of the SiINWs.

Raman spectra with their corresponding Raman imaging
features for SiNWs synthesized at rf power of 40 and 80 W are
illustrated in Fig. 2. The brightness in Raman imaging features
represents the crystalline structure of SiNWs. The Raman spectra
taken from the SiNWs reveal a sharp peak located at ~521 cm ™!
together with a weak shoulder at a lower frequency of ~480 cm ™.
The sharp peak corresponds to the TO phonon mode of crystal Si,
while the weak shoulder is due to the amorphous structure in the
SiNWs. The TO phonon modes of c-Si are shifted to a lower
wavenumber of ~517 and ~512 cm ™~ for SiNWs prepared at 40
and 80 W, respectively. Generally, the presence of nanocrystalline
structures can contribute to the downshift due to the phonon
confinement in SiNWs [45]. However, the irradiation of high laser
power can also cause locally intense heating on the SiNWs and
thus results in a further downshift in TO phonon mode [46-48]. In
order to minimize this, we optimized the operating laser power
before carried out the Raman measurements for the SiNWs. The
shifting of Raman peaks is mainly attributed to the decrease in
crystalline size and the formation of micro or nanocrystalline Si
structure. The value of shifting in TO phonon mode is related to
the crystallite size, Dy as [49]:

B
Dy =27/ 5 1)

where B is 2.24cm ™! nm? for Si and Aw is the shifting of TO
mode from c-Si peak located at 521 cm~'. The Dy for SiNWs
synthesized at 40 and 80W are 4.2+0.1 and 2.9+0.1 nm,
respectively. This indicates the existence of larger size Si nano-
crystal formed on the surface or embedded in SINWs prepared at
40 W compared to 80 W.

The Raman peaks of TO phonon modes are further deconvo-
luted by a Lorentzian function into three peaks corresponding to
amorphous, grain boundary and crystalline components at
480 cm~", ~500cm~" and 520 cm~!, respectively, as depicted
in Fig. 3. The crystalline volume fraction, Xc (in %) and grain
boundary volume fraction, Xgg (in %) of the SiNWs can be
calculated as [50,51]:
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Fig. 2. Raman spectra of SiNWs synthesized at rf power of 40 and 80 W. The
Raman imaging features of the SiNWs corresponded to the Raman spectra is
inserted in figure (Scale bar=1 um).
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Fig. 3. Lorentzian fitted Raman spectra of SINWs prepared at rf power of 40 and
80 W.

X = Is0o

Blago+Is20 +1500
where Iszq, Isgo and I4g0 are integrated intensities of the crystal-
line, grain boundaries and amorphous components, respectively.
The factor f is the ratio of the cross-section of the amorphous
phase to the crystalline phase, which is defined as

f=0.1+exp(—d/250) 4)

x 100% 3)

where d is the grain size (in nm) [52]. The calculated X values
reduce from 82.3 to 65.8%, however, X¢p is slightly increased from
10.4 to 17.2% for SiINWs synthesized at 40 and 80 W, respectively.
The higher Xc in SiNWs prepared at 40 W indicates higher
fractions of crystalline to amorphous structures, which might be
due to the larger crystallite size as mentioned above. Similar to
previous work [7], we observed that increase in rf power to 80 W
reduces the X and increases the Xcg of the SiNWs. The lower Xc
might correlate to the smaller crystallite size, while the higher Xgp
suggests the formation of large amounts of Si nanocrystallites,
which are surrounded by grain boundary components, embedded
in the amorphous matrix of the SiNWs.

The crystallinity of the SINWs prepared at different rf powers
of 40 and 80 W were further examined by HRTEM. Fig. 4(a) shows
the low magnification TEM image of SINWs prepared at 40 W. The
NWs exhibit a rough surface and are covered by a thin layer of
SiO,, with thickness of ~2-3 nm. The HRTEM image of the SiNWs
[enlarge from white framed region in Fig. 4(a)] illustrated in
Fig. 4(b) reveals a long range of crystalline and a trace of
amorphous structures. This indicates a highly crystalline struc-
ture of SiNWs prepared at a lower rf power of 40 W. Lattice
dislocation due to twinning structures can be also observed
within the NWs. The lattice spacing is about 0.31 nm, which
corresponds to (111) crystalline orientation plane. The SAED
pattern [Fig. 4(c)] reveals the discrete electron diffraction spots
of crystal Si, which confirms the highly crystalline structure of the
NWs. The TEM and HRTEM (enlarged from the TEM image)
images of SiNWs prepared at rf power of 80 W are shown
in Fig. 4(d) and (e), respectively. The SiO, shell could not be
clearly observed on the surface of the SINW prepared at 80 W.
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Fig. 4. (a, d) TEM images, (b, e) HRTEM images and (c, f) SAED patterns of the SiNWs synthesize at rf power of 40 and 80 W, respectively. (g) HRTEM image of

nanocrystallite Si embedded in SiNWs prepared at rf power of 80 W.

The HRTEM image reveals a large amount of Si nanocrystallites
embedded within the amorphous matrix in the NWs. Moreover,
the NWs are surrounded by an uncatalyzed amorphous Si layer.
This confirms that side wall deposition occurred at rf power of
80 W, which caused the increase in diameter of NWs. Obviously,
an increase in rf power to 80 W causes a great decrease in
crystallinity and leads to the formation of Si nanocrystallites in
SiNWs. This result agrees with the previous reported work [7].
SAED pattern depicted in Fig. 4(f) shows weak spotty crystalline
diffractions and an amorphous background, which confirms the
existence of nanocrystallites in the SiINWs. The enlarged image of
the Si nanocrystallites is depicted in Fig. 4(g). The sizes of the Si
nanocrystallites varies from 1 to 4 nm with an average size of
2.8 + 0.7 nm, which is quite close to the calculation from the
Raman spectra. Similar to the SiNWs prepared at 40 W, the
nanocrystallites are preferentially oriented in the (111) crystal
orientation plane.

Fig. 5(a) and (b) show the typical EDX and Auger electron
spectra of the as-prepared SiNWs. The EDX spectrum collected
with the electron beam focused on single NWs shows a high
amount of Si and a small amount of O and Sn contents. The weak

trace of the Sn signal might be due to the diffusion of Sn from the
ITO-layer into the SINWs during the growth process. The C and Cu
signals come from the copper supporting grid with a thin layer of
carbon covering the mesh. The Si LVV, C, Sn, O and Si KLL Auger
peaks correspond to 89, 263, 427, 503 and 1557 to 1614 eV,
respectively, as observed from the Auger spectra. Sharp peaks of
Si and O indicate high Si and O contents of the as-grown SiNWs,
which is contrary to the EDX analysis. The mismatch on O content
between the Auger and EDX measurements could be explained by
the difference in the two analytic techniques. The penetration of
the Auger electron measurement is <5 nm [53], most of the
signals are actually obtained from the topmost layer of the NWs.
However, EDX with a high penetration power can detect the
characteristic X-rays emitted from micrometers of the NWs
sample. This is the reason for the appearance of a C signal from
the thin layer of carbon in the supporting grid that can be
detected from EDX spectroscopy. The high O signal detected by
Auger, which appears as only a small amount in the EDX spectra,
indicates that the O content resulted from the outer shell of the
oxide layer rather than the inner stem of the SiNW. Hence, the O
content is ascribed to the surface oxidation of SiNWs after being
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Fig. 5. (a) EDX spectrum, (b) Auger electron spectrum and (c) the plot of oxygen (O) to silicon (Si) ratio from EDX and Auger measurement with rf power.

exposed to air. The chemical composition (in %) of Si and O
elements are obtained using the existing models on the quanti-
tative analysis of EDX [54] and Auger spectroscopy [55]. The O to
Si weight ratio (O W%:Si W%) from EDX and the O to Si
concentration ratio (0%:Si%) from the Auger spectra for both
SiNWs prepared at 40 and 80 W are plotted in Fig. 5(c). Both
measurements show that the SiNWs synthesized at 40 W exhibits
higher O to Si ratios compared to the SiNWs prepared at 80 W.
The x values of outermost SiO, layer can be deduced from 0%:Si%
of the Auger measurement as 0.80 and 0.78 for SINWs prepared at
40 and 80 W, respectively.

A FTIR measurement was carried out to confirm the surface of
Si-O bonding of the SiNWs. We applied an angular reflection
technique to obtain the FTIR spectra from SiNWs prepared on
ITO coated glass substrate. The angular reflection of the FTIR
spectra of SiNWs prepared at rf power of 40 and 80 W are
depicted in Fig. 6. The Si-O related absorption bands include
3 TO bands: 0-Si-O rocking, Si-O, bending and Si-O-Si stretching
modes corresponding to ~460-520 cm~!, 790-810cm~! and
1000-1200 cm ', respectively [56-58], which are observed for
the SiNWs prepared at 40 W. Moreover, a weak absorption band
located at ~700cm~! corresponds to O-Si-H, rotation [59]
indicating that there is a H configuration in addition to O in the
Si chain of SiNWs. The major absorption bands contributed by the
vibration modes of Si-O bonds, which confirm the oxygen
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Fig. 6. Angular reflection FTIR spectra of SiNWs prepared at rf power of 40 and
80 W. The absorption band 1, 2, 3 and 4 are attributed to the 0-Si-O rocking,
0-Si-H, rotation, Si-O, bending and Si-O-Si stretching modes, respectively.

passivation on the surface dangling bonds of SINWs to form thin
SiO, layer. For SiNWs prepared at 80 W, only O-Si-0 rocking and
Si-0-Si stretching modes are observed in the FTIR spectrum.
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The intensities of these two bonds are apparently lower than in
SiNWs prepared at 40 W. This again confirms the higher Si-O con-
figuration bonds for SiNWs synthesized at 40 W compared to 80 W.

Fig. 7(a) and (b) show the optical transmission, T(1) and
reflectance, R(1) spectra of SiNWs prepared at rf powers of 40
and 80 W. Generally, both SiNWs reveal low T and R in the lower
wavelength region. For SiNWs prepared at 40 W, the T decreases
from 48.7% at 1=2200nm to 0% at the absorption edge of
A~500 nm. Meanwhile, the R decreases from 8.8% at /=2200 nm
to ~1% in the visible region. The SiNWs prepared at 80 W shows a
considerable reduction in T and R compared to 40 W. Less than 5%
of light is transmitted through the SiNWs sample throughout the
spectrum with an absorption edge of nearly 1200 nm. The R
decreases from 3.3% at 2=2200 nm to ~0.3% in the visible region.
Two factors are responsible for the reduction of T and R for SiNWs
prepared at 80 W, which are the higher density of SiNWs and the
amorphous Si layer covering the sidewalls of the NWs [7]. High
densities of SINWs could increase the possibilities of the internal
light interactions within the surface of NW arrays and result in
the increase of total internal reflection and optical re-absorption
within NWs. Similarly, the amorphous Si layer has effectively
suppressed the R due to the enhancement of absorption. The low
T and R properties indicate a strong light absorption for the
SiNWs. The absorbance (A) and absorption coefficient () of the
SiNWs can be calculated from the T and R using a relation as
[60,61]:

A=100-T-R 5)
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(6)

o 11 (100-R
~d T

where the d is the film thickness in unit of centimeter.

The calculated A(A) and «(E) spectra of SiNWs prepared at 40
and 80 W are plotted in Fig. 7(c) and (d), respectively. The A(1)
spectrum of SiNWs prepared at 40 W shows a maximum A of
~99% at 220-500 nm, and decreases abruptly from 500 nm to the
longer wavelength. SiNWs prepared at 80 W show a high A
of > 99% over the wavelength range from 220 to ~1500 nm, then
slowly decrease to ~86% at 2200 nm. The A of our randomly
grown SiNWs is comparable to the optical absorption of samples
with a vertically aligned 10 pm long SiNWs (A > 98% from 300 to
600 nm) reported by Tsakalakos et al. [8] and 1-2 pm of SiNWs
arrays (specular reflectance of < 0.05% in 400-1800 nm) reported
by Bae et al. [9]. Meanwhile, Pignalosa et al. [62] recently reported
a broad band and wide angle antireflection properties from the
randomly oriented crystalline core and amorphous oxide shell
SiNWs. This is in agreement with our results showing a high A
over a broad wavelength, which could be attributed by strong
light trapping ability of the uncatalyzed amorphous layer and
nanocrystalline structure of the SINWs. Generally, the ¢(E) spectra
can be divided into two regions; a high energy region (E > 1.8 eV),
where SiNWs prepared at 40 W reveal higher o« compared to
80 W, and vice versa for lower energy region (E < 1.8 eV). This
indicates that the SiNWs prepared at 40 W show stronger light
trapping properties at the high energy region due to their smaller
diameter and highly crystalline structure. The interface states
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Fig. 7. (a) Optical transmission, T(4), (b) reflectance, R(4), (c) absorbance, A(4) and (d) absorption coefficient, «(E) spectra of SINWs prepared at rf power of 40 and 80 W.
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Fig. 8. PL spectra of SiNWs prepared at rf power of 40 and 80 W.

between crystalline SINWs and SiOy layer could also play a role in
absorbing photons at this region [63]. While, an « broadening at
E < 1.8 eV for SiNWs prepared at 80 W is related to the amor-
phous band tail, which improve the absorption ability of SINWs at
a lower energy region. Furthermore, both SiNWs exhibited much
improvement in « especially at the infrared region (< 1.7 eV)
compared to bulk Si films.

The PL spectra of SiNWs prepared at rf power of 40 and 80 W
are shown in Fig. 8. A broad PL spectrum ranging from 1.73 to
2.05 eV (605-717 nm), which consists of double strong emission
bands centered at about 1.84 and 1.92 eV corresponding to the
visible red-orange region of 673 and 645 nm, respectively, as
revealed for SiNWs synthesized at 40 W. The origin of this
emission is attributed to the oxygen related defects states such
as peroxy linkage, non bridging oxygen hole centers and oxygen
deficient centers [25,26]. Moreover, a weak emission at lower
energy of 1.65-1.73 eV (717-752 nm) and centered at ~1.68 eV
corresponding to near IR region of 738 nm is observed in the PL
spectrum. The rough SiNW sidewall (shown by TEM image) could
include nanocrystals of Si, which are surrounded by the outer
oxide layer of the SiNWs [24,64]. Meanwhile, the Raman mea-
surement mentioned above also indicates the existence of Si
nanocrystallites with size ~4.2 nm within the NWs. Therefore,
the longer wavelength PL at ~1.68 eV might be due to the
radiative recombination of carriers in Si nanocrystallites formed
at the SiO,/Si interface [24]. Increase in rf power to 80 W results
in a blue-shifted and narrower PL broadening range from 1.65 to
1.95 eV (636-752 nm) and centered at ~1.80 eV corresponding to
the near IR band of 690 nm. The structural characteristics of the
SiNWs prepared at 80 W are expected to directly influence their
PL properties. As mentioned above, the crystallite size and
crystallinity of SINWs are much reduced due to the increase of
rf power to 80 W. This creates a high density of Si nanocrystallites
embedded within the SINWSs. The FTIR spectrum suggests that its
Si-0 bonds are much weaker than in the SiNWs prepared at 40 W.
Hence, the Si nanocrystallites embedded in a-Si matrix and
formed at the SiO,/Si interface mainly contribute to the PL
[24,28,65]. The radiative recombination of carriers can produce
red emission due to the quantum confinement effect [27]. The
origin of the PL are confirmed by applying the relation of PL peak
energy, Ep; as [64,66]:

3.73
Ep =Eo+ 439 (7)

where Ej is the room temperature band gap of bulk Si of 1.12 eV
and d is the crystal size of Si. The calculated crystal sizes, d for the
Si nanocrystallites contributed PL peaks for SiNWs prepared at
40 W (1.68 eV) and 80 W (1.80eV) are 3.9 and 3.4 nm. These
values are quite close to the Dy calculated from the Raman peaks,
which are 4.2 +0.1 and 2.9+ 0.1 nm for SiNWs prepared at 40
and 80 W, respectively. On the other hand, the PL intensity from
our SiNWs is relatively higher compared to several reported
works on the light emission of randomly grown SiNWs [25,67].
It is however comparable to the PL intensity produced by oxide-
assisted growth of Si/SiO, core-shell NWs [68] and chain-like
SiNWs [27], but lower than the PL intensity of porous and
mesoporous SiNWs [65,69].

4. Conclusions

The structural and optical properties of the SINWs prepared by
hot-wire assisted PECVD technique are highly influenced by the
applied rf power. The SiNWs prepared at rf power of 40 W exhibit
higly crystalline structure with X up to 82.3%, surrounded by a
thin layer of SiO,. Raman and PL analysis suggest the formation of
~4nm Si nanocrystallites at the Si/SiO, interface. Meanwhile,
SiNWs prepared at rf power of 80 W show significant lower Xc
(65.8%) due to the decreases in crystallite size to <4 nm. The NWs
are covered by layers of amorphous Si and SiO,. The high yields of
SiNWs at 80 W and the amorphous layer covering the NWs have
improved the light absorption over a wide range of wavelengths.
The defect states of the surface oxide layer and formation of Si
nanocrystallites are the main contributors to the PL at red-orange
and near IR regions.
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