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ABSTRACT

We investigated the effect of Xe dilution of silane on structural, optical and electrical properties of nanocrystalline Si films
deposited by HW-CVD. With increase in Xe dilution of silane nanocrystalline-to-amorphous transition or amorphization has
been observed in nanocrystalline Si films. The amorphization has been confirmed from dark and photoconductivity
measurement, Raman spectroscopy, low angle XRD and atomic force microscopy analysis. The FTIR spectroscopy analysis
showed that with increase in Xe dilution of silane, in addition to di-hydrogen [Si-H,] and poly-hydrogen [(Si-H,),] complexes,
hydrogen incorporated in these films in mono-hydrogen [Si-H] bonded species. The hydrogen content was found < 5 at. % over
the entire range of Xe dilution of silane studied and it increases with increase in Xe dilution of silane. On the other hand, Etayc
and Eg, show decreasing trend with increasing Xe dilution of silane. The Er. decreases from 2.4eV to 1.9eV whereas Eq,
decreases from 2.9eV to 2.3eV. The optical band gap values estimated from Egy, method are found higher than Er,, values
calculated from Tauc’s method. Finally, it has been concluded that Xe dilution of silane in HW-CVD enhances the deposition
rate but has adverse effect on the crystallinity of nanocrystalline Si films. Copyright © 2015 VBRI Press.

Keywords: Optical properties of thin films; raman spectra of semiconductors; x-ray diffractometers; electrical properties of
films; chemical vapor deposition.
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good opto-electronic properties. However, only plasma
enhanced chemical vapor deposition (PE-CVD) has been

Introduction

Over the last few decades hydrogenated amorphous silicon
(a-Si:H) has been studied extensively as a basic material for
thin film solar cells. However, solar cells based on a-Si:H
have always been associated with efficiency losses due to
the light-induced degradation with time [1]. Nowadays, a-
Si:H has been replaced hydrogenated nanocrystalline
silicon (nc-Si:H) due to its vital properties such as high
conductivity, high charge carrier mobility and high doping
efficiency [2] which has lead to upsurge in interest
pertaining to potential applications such as solar cells [3,
4], photodiodes [5] and thin film transistors [6]. Of late, nc-
Si:H films have been reported to have an improved stability
against prolonged light illumination [7-9] that portrays it as
attractive candidates to improve both the efficiency and the
stability of solar cells and other opto-electronic devices.
Several deposition methods such as pulse laser
deposition (PLD) [10], plasma enhanced chemical vapor
deposition (PE-CVD) [11], electron cyclotron resonance
plasma enhanced CVD (ECR-PE-CVD) [12], sputtering
[13] etc. have been employed to deposit nc-Si:H films with
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established for the industrial applications. The high H,
dilution of silane and high radio frequency (RF) power to
silane plasma are two critical parameters that facilitate the
growth of nc-Si:H in PE-CVD. The high H, dilution retards
the deposition rate whereas use of high RF power has
adverse effect on transparent conducting coating on which
solar cell is fabricated. For device fabrication both these
events are undesirable. Various inert gases like helium (He)
[14], argon (Ar) [15] and xenon (Xe) [16] have been used
in PE-CVD for dilution of silane to deposit Si:H films at
low substrate temperature with increased the deposition
rates. These gases have shown strong influence on the
structure and morphology of the films.

The hot wire chemical vapor deposition (HW-CVD) or
simply ‘hot-wire method” has received considerable
attention in recent years as an alternative deposition method
for nc-Si:H owing to its capability to form stable films [17]
and of achieving higher deposition rates [18]. The method
has been employed successfully for the synthesis of new
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microcrystalline materials like pc-SiC and pc-GeC for solar
cell applications [19]. So far, the influence of xenon
dilution of silane in HW-CVD has still not been studied and
no reports exist in the literature. With this motivation an
attempt have been made to ascertain the role of Xe dilution
of silane (Rye = Fxe/Fsina + Fxe) ON structural, optical and
electrical properties of Si:H films deposited by HW-CVD.
Here, Fy. and Fgny are xenon and silane gas flow rates,
respectively. In this paper, we present the investigation of
structural, optical and electrical  properties  of
nanocrystalline Si films deposited by HW-CVD from Xe
dilution of SiH, without hydrogen. It has been observed
that addition of Xe with silane in HW-CVD has adverse
effect on crystallinity of nanocrystalline Si films.

Experimental
Material synthesis

Fig. 1 shows the schematic of indigenously designed and
locally fabricated dual chamber hot wire chemical vapor
deposition (HW-CVD) unit used for the synthesis of nc-
Si:H films in the present study. It consists of two stainless
steel chambers, referred as process chamber and load lock
chamber. The process chamber is coupled with a turbo
molecular pump which yields a base pressure less than 10°
Torr. Use of load lock chamber prevents the process
chamber to be directly exposed to air, which minimizes the
pump down time and reduce contamination of layers with
oxygen and water vapors. Substrates can be moved from
load lock to process chamber using pneumatically
controlled transport system.
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Fig. 1. Schematic of indigenously designed and locally fabricated dual
chamber hot wire chemical vapor deposition (HW-CVD) unit used for the
synthesis of nc-Si:H films.

The pressure during deposition was kept constant (50
mTorr) by using automated throttle valve. For deposition
we have used 10 straight W filaments, 1 cm apart mounted
parallel to each other. Each filament has a diameter of 0.5
mm and a length of 10 cm. Heating of filaments is done by
an AC current using a current transformer and dimmer. The
filament temperature was kept constant and measured by
optical pyrometer. A shutter is placed in front of the
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substrates to shield the substrates from undesired deposition
during pre-heating of filaments. Reaction gases were
introduced in the process chamber from the bottom and
perpendicular to the plane of filaments through a specially
designed gas shower to ensure uniform gas flow over the
filaments. The substrates can be placed on substrate holder
which is heated by in build heater using K type
thermocouple (chromel-alumel) and temperature controller.
Films were deposited using a mixture of pure silane (SiHg)
(Matheson Semiconductor Grade) and xenon (Xe) gases
without hydrogen (H,) dilution. Temperature of the
filament and substrate was maintained at 1900 °C and at
200 °C respectively. The silane flow rate (Fgy,) was kept
constant at 5 sccm, while Xenon flow rate (Fx,) was varied
from 5 sccm to 50 sccm. The nc-Si:H thin films were
deposited simultaneously on corning #7059 glass and c-Si
wafers having dimensions 5 cm x 5 cm and 1 x 1 cm
respectively.

Film characterization

Dark conductivity (cg.) and photoconductivity (Gpnot) Was
measured at room temperature employing a 2400 Keithley
source-meter in planar geometry using the relation,

GDark(Photo) =
x|

Vxdxo :| (1)

I Dark (Photo)

where, V is applied voltage (volts), |pakenoy 1S Dark
(Photo) current (amperes), d is thickness (cm), o is width
(cm) and | is the distance between the electrodes (cm). For
band gap estimation, transmission (T) and reflection (R)
spectra were recorded using a double beam UV-Visible
spectrophotometer (JASCO Model: V-670) having
resolution 0.1 nm. Band gap was then determined by
plotting the Tauc’s curve. To determine the amount of
bonded hydrogen and the hydrogen-bonding configuration
in the film we have employed FTIR spectroscopy (JASCO
spectrometer, Model V6100A) with a resolution of 0.4 cm™
in the transmission (T) mode. The surface morphology and
surface roughness of the films were investigated using non-
contact mode atomic force microscopy (NC-AFM) (JEOL,
JSPM-5200, Japan) having atomic scale resolution. Raman
spectra were recorded with Jobin Yvon Horibra Raman
spectroscopy in backscattering geometry with the resolution
of 1 cm™ To estimate crystalline fraction (Xgaman) and
crystallite size (draman) the Raman spectra was de-
convoluted into two Gaussian peaks and one Lorentzian
peak with a quadratic base line method in the range 400-
540 cm™ using Levenberg-Marquardt method [20]. The
crystalline fraction (Xraman) Was calculated using equation
[21].

I, +1,

X —_ ¢~ m
I+, + 1, )

Raman

where, I is the integrated intensity of the crystalline
phase near 520 cm™, I, is the integrated intensity of the
intermediate phase around 500 cm™ and 1, is the integrated
intensity of the amorphous phase at 480 cm™ The
crystallite size (draman) Was deduced using [22].
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dRaman = 27[ (Bj
Ao (3)

where, Aw is the peak shift compared to c-Si peak
located ~ 520 cm™ and B = 2.0 cm™nm® The X-ray
diffraction pattern was obtained by Bruker D8 Advance x-
ray diffractometer at a grazing angle of 1° with scan step
size 0.1° and speed of speed 5 sec/step. The average
crystallite size was estimated using the Scherer’s formula
[23].

092

™ (Bcosh,) @

where, A is the wavelength of diffracted radiation, 65 is
the Bragg angle and B is the line width (FWHM) in radians.
Thickness of films was determined by profilometer (KLA
Tencor, P-16+) and further confirmed by UV-Visible
spectroscopy using the method proposed by Swanepoel
[24].

Results and discussion
Variation of deposition rate

Films were deposited for a fixed time period and the
deposition rate is calculated from thickness measurement.
The variation of deposition rate (ry) as a function of Xe
dilution of silane (Rxe) is shown in Fig. 2. As seen from the
figure, the deposition rate increases from 12 A/s to 15.2 A/s
when Ry, increases from 0 % (No Xe dilution of SiH,) to
91 %. The increase in the deposition rate with increase in
Xe dilution of silane was reported previously for PE-CVD
deposited Si:H and diamond films [25, 26].
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Fig. 2. Variation of deposition rate as function of Xe dilution of silane for
the Si:H films deposited by HW-CVD method.

Electrical properties

The variation of the dark conductivity (opa«) and the
photoconductivity (cphote) are shown as a function of Xe
dilution of silane (Rye) in Fig. 3. Data in Fig. 3 shows that
the film deposited at Ry, = 0 % (No Xe dilution of SiH,)
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both, opark and Gpno are almost have same values (~ 107
S/cm). As a result, photosensitivity gain, taken as the ratio
of photoconductivity-to-dark conductivity (cphoto /Opark) 1S
~1. This is typical feature of nanocrystalline Si (nc-Si:H)
films because the nc-Si:H films prepared by different
methods show high dark conductivity and negligible
photosensitivity gain depending upon the crystallite size
and its volume fraction [27]. With increase in Rye, the opark
decreases by four order of magnitude (from ~ 4x10° S/cm
to ~ 7x10™° S/cm) whereas opnoe Femains approximately
constant (10”° S/cm) for the entire range of Ry. studied. As
a result, the photosensitivity gain increases from 10° to 10°
when Ry, increased from 0 % to 91 %. It should also be
noted that the photosensitivity gain for Ry, = 91 % film is
more than 5 orders magnitude which is typical of device
quality a-Si:H material grown by PE-CVD. These results
indicate that the films deposited with increasing Xe dilution
of silane get structurally modified. We attribute the drastic
enhancement in photosensitivity to nanocrystalline-to-
amorphous transition or amorphization in the films with
increase in Ry.. The evidence of gradual nanocrystalline-to-
amorphous transition with increasing Xe dilution of silane
comes from Raman spectroscopy and low angle XRD and
atomic force microscopy (AFM) analysis.
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Fig. 3. Variation in dark conductivity and photoconductivity as a function
of Xe dilution of silane.

Low angle x-ray diffraction (XRD) analysis

To identify the crystallinity in the films low angle x-ray
diffraction (XRD) studies were performed. The low angle
XRD pattern of Si:H films deposited at different Xe
dilution of silane (Rx.) are shown in Fig. 4. The average
crystallite size (dyray), deduced using Debye-Scherrer's
formula are also indicated in the figure. It is evident from
the figure that the film deposited at Ry,.= 0 % is
nanocrystalline Si, having three peaks at 20 ~ 28.4°%, 47.4°
and 56.1° corresponding to (111), (220) and (311) crystal
orientations, respectively. The dominant peak is (111),
indicating that the crystallites have preferential orientation
in (111) direction. However, the films deposited with
increasing Ry, the diffraction peaks corresponding to all
the crystallographic planes were found to decrease, both in
intensity and sharpness suggesting decrease in its volume
fraction of crystallites and its size. It is interesting to note
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that the films deposited at higher Xe dilution of silane (Rye
= 85 % and 91 %) all crystallographic planes disappears
and a broad hump at 26 ~ 27° emerge in the XRD pattern
indicating that films are amorphous. Thus, addition of Xe
with silane in HW-CVD induces amorphization in
nanocrystalline Si film structure. These results are
consistent with the Raman results (discussed later).
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Fig. 4. Low angle XRD pattern of films deposited by HW-CVD at
different Xe dilution of silane.

Raman spectroscopy analysis

Raman spectroscopy is a non-destructive tool of analysis
which provides direct structural information quantitatively
related to the average crystallite size and the crystalline
volume fraction in the film. Fig. 5 shows the Raman spectra
of Si:H films deposited at various Xe dilution of silane
(Rxe). To estimate the crystalline fraction (Xgaman) and
crystallite size (draman) €ach spectrum shown in Fig. 5 was
de-convoluted into two Gaussian peaks and one Lorentzian
peak with a quadratic base line method mentioned in the
experimental section. The estimated crystalline fraction
(XRaman) @nd crystallite size (draman) in the film are also
indicated in the Fig. 5. Following observations have been
made from the Raman spectra for Si:H films deposited at
various Xe dilution of SiH,.

1) Films deposited at Ry, = 0 % (No Xe dilution of SiH,),
the Raman spectra show a sharp peak centered ~ 517.5
cm ' corresponding to transverse optical (TO)
vibrational mode of nanocrystalline Si [28]. For this
film crystalline fraction (Xgaman) i 81.3 % and
crystallite size (draman) is 4.8 nm.

2) When small amount of Xe is added with silane (film
deposited at Ry, = 50 %), the nanocrystalline Si TO
Raman peak shifts towards the lower wave number
516.0 cm * and its intensity decline. The shifting of TO
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peak towards lower wave number indicates decrease in
crystallite size whereas decline in intensity signify
decrease in volume fraction of crystallites in the film.

3) Film deposited at Ry.= 66 %, an additional broad
shoulder centered ~ 490.0 cm™ partially emerged in the
Raman spectra which corresponds to TO vibrational
mode of amorphous Si (a-Si:H) suggesting the mixed
phase of amorphous and nanocrystalline Si [29].

4) With further increase in Ry, the nanocrystalline Si TO
peak shift further towards the lower wave number. At
the same time, the amorphous Si TO peak
predominately appears ~ 480.0 cm™ with enhanced
intensity.

5) Finally, the films deposited at Ry.= 85 % and 91 %, the
nanocrystalline Si TO peak completely disappear and a
broad shoulder ~ 470 cm™ can be seen in the spectra
which is characteristic feature of a-Si:H.
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Fig. 5. Raman spectra of films deposited at various Xe dilution of silane
using HW-CVD.

These results indicate that Xe dilution of silane induces
amorphization in nanocrystalline Si film structure. These
results are in consistent with the low angle XRD analysis. It
has been reported that Xe ion bombardment is beneficial in
enhancing high quality silicon film growth in PE-CVD [30,
31]. In HW-CVD, at the filament temperature 1900 °C the
thermal energy available is ~ 0.25 eV [32] and the
ionization energy of Xe atom is very high (12.13 eV) [33].
Therefore, the possibility of formation of metastable state
of xenon atoms (Xe") and xenon ions (Xe®) responsible for
quality silicon film growth in HW-CVD is negligible
compared to conventional PE-CVD. As a result, the energy
required for the formation of nano-crystals in the
amorphous network (called Gibb’s free energy for
crystallization) [34] is not available in the growth zone
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using Xe dilution of SiH,. We think that due to the large
mass the Xe atoms may receive thermal energy from the
heater and the electrons emitted by hot tungsten (W)
filaments [35]. With increasing Xe dilution, the density of
thermal Xe atoms in the vicinity of growth zone increases.
This increases the collision of thermal Xe atoms with the
growing surface. The impingement of thermal Xe atoms
may modify the growing surface which results the
transform in film structure from crystalline to amorphous
with increase in Xe dilution of SiH,. Furthermore, the
abundance of atomic H on, or near, the growing surface
plays an important role in the formation of nc-Si:H films.
These energetic atomic H may penetrate into layers below
the top surface of the film [36] and promotes the network
propagation reaction by dangling bond compensation, weak
bond breaking and reconstruction of strong Si-Si bonds,
strain relaxation, and giving chemical potential to the
growing surface by breaking the Si-H bond, thereby leading
to structural reorientation for attaining energetically
favorable configuration and hence nanocrystallization. In
addition, atomic H radicals act as an etchant of Si atoms
from the weak Si-Si bonds at the growing surface and
which further promote the nanocrystallization when
chemical equilibrium between deposition and etching is
attained. However, with increase in Xe dilution of SiH, the
density of atomic H on/near, the growing surface
substantially gets reduced. Thus, the lack of atomic H at the
growing surface may be another possible reason for
amorphization. The increase in deposition rate with
increase in Xe dilution of of SiH, supports this conjecture

(Fig. 1).

Atomic force microscopy (AFM) analysis

Non-contact AFM images of Si:H films deposited at Xe
dilution of SiH4 (Rhe)= 0 %, 50 % and 91 %, by HW-CVD
method are shown in Fig. 6. With change in Xe dilution of
SiH,, significant differences in the structure can be clearly
seen. The AFM micrograph for the film deposited at Ry, =
0 % [Fig. 6(a)] clearly reveals well resolved, large number
of uniform nanocrystallites embedded in the amorphous
matrix. Each crystallite has an individual identity with its
size in the range ~ 80-90 nm and rms surface roughness ~
2.21 nm. The film deposited at Ry, = 50 % [Fig. 6(b)]
indicate decrease in density of nanocrystallites and it looks
like the smaller grains form into clusters, that is they
agglomerates. For this film the average grain size is in the
range ~ 60-90 nm and rms surface roughness ~ 2.94 nm.
Difference between the average grain size determined by
XRD and Raman spectroscopy and AFM techniques has
been reported previously [37]. Almost complete
disappearance of nanocrystalline phase can be clearly seen
in the AFM image for the film deposited at Ry, = 91 %
[Fig. 6(c)]. Along with Raman and low angle XRD analysis
the AMF analysis further give clear evidence of
nanocrystalline-to-amorphous transition in films with
increase in Xe dilution of SiH,.
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Fig. 6. Non-contact atomic force microscopy (NC-AFM) images of films
deposited at various Xe dilution of silane (a) Rxe = 0 %, (b) Rxe = 50 %,
and (¢) Rxe = 91 %, by HW-CVD method.

Fourier transform infra-red (FTIR) spectroscopy analysis

To investigate the effect of Xe dilution of SiH, on Si-H
bonding configuration and to determine the bounded
hydrogen content, Fourier transform infrared (FTIR)
spectroscopy was used. The FTIR spectra (hormalized for
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thickness) of Si:H films deposited by HW-CVD method at
different Xe dilution of silane (Rx.) are shown in Fig. 7.
For clarity, the spectra have been broken horizontally into
two parts. It can be seen from the spectra for the film
deposited at no Xe dilution i. e. Ry.= 0 %, have three major
absorption bands at ~ 630 cm™, ~ 880 cm™ and ~ 2100 cm™
corresponding to the wagging vibrational modes of
different bonding configurations, the scissor bending mode
of polymerized (Si-H,), bonded species and the stretching
vibrational modes of di-hydrogen species (Si-H,) and poly-
hydrogen (Si-Hy), complexes (isolated or coupled),
respectively [38-40]. Thus, the film deposited without Xe
dilution of SiH,, the hydrogen incorporated mainly in di-
hydrogen species (Si-H,) and poly-hydrogen (Si-H,),
bonded species. The films deposited at similar growth rates
at various Xe dilution of silane show similar bands, but
with additional absorption peak ~ 2000 cm™ and its
intensity increases with increase in Rye. According to the
literature the absorption peak ~ 2000 cm™ corresponds to
wagging vibrational mode of mono-hydrogen (Si-H)
bonded species [38-40]. These results suggest that besides
Si-H, and (Si-H,), bonding species, with increase in Xe
dilution of silane, the hydrogen also incorporated in the in
the film in Si-H bonded species.
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Fig. 7. FTIR spectra showing the H-related features of nanocrystalline Si
films (normalized to thickness) deposited by HW-CVD at different Xe

dilution of silane.

It was found that the hydrogen content in Si:H materials
calculated from different methods is quite different.
However, it has been reported that the integrated intensity
of the peak ~ 630 cm™ is the best measure of hydrogen
content and other bands are less reliable [41] and whatever
may be the nature of the hydrogen bonding configuration,
Si-H, Si-H,, (Si-H,),, SiHs, and so forth, all types of the
vibrational modes will contribute to the 630 cm®
absorption band [42]. Thus, the total bonded hydrogen
atoms (Cy) has been estimated from integrated intensity of
the peak at 630 cm™ using relation.

C,, (at. %):%jm do (5)

si w

where, a(w) is the absorption coefficient of the film at
the wave number o, A = 1.6x10" cm™ is a proportionality
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constant which varies as the inverse of the oscillator
strength [43] and Ng; = 5x10% cm™ is the atomic density of
pure Si. Fig. 8 shows the variation of hydrogen content
(Cy) as a function of Xe dilution of silane (Rye). The
hydrogen content in the film increases from 1.39 at. % to
4.66 at % when Xe dilution of silane increased from 0 % to
91 %. It is interesting to note that the total bonded
hydrogen content is less than the 5 at. % over the entire
range of Xe dilution of silane studied.
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Fig. 8. Variation of hydrogen content nanocrystalline Si films deposited
by HW-CVD as a function of xenon dilution of silane.

UV-Visible spectroscopy analysis

The absorption coefficient (o) was estimated from
transmission (T) and reflection (R) spectra in the
wavelength range of 200-900 nm. The a is calculated for
each wavelength using the relation,

I In(T) ®)
d 1-R

where, t is the thickness of film. The optical band gap
(Eopt) of the film was then calculated from the dependence
of the absorption coefficient (o) on the photon energy (hv)
taking into account that Si:H as a semiconductor. For direct
allowed transition, absorption coefficient (o) and band gap
can be expressed as [44],

/ /
(«E)"? =B"*(E “Erac) @

where, B is an energy independent constant, E is the
photon energy and Er, is optical band gap. To determine
the band gap, (ahv)"? is plotted against energy E (= hv). A
straight line fitted through the data points. The line is then
extrapolated and the intercept of the extrapolated line on
the energy axis gives the optical band gap. It is agreed that
the determination of band gap is not accurate using Tauc’s
formulation because of the extent of the valence and
conduction band tails in the gap, especially in case of films
where nanocrystallites are embedded in the amorphous
matrix. However, it is expected to give an approximate
estimate of the band gap. Thus, the energy where the
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absorption coefficient (a) is equal to 10* cm™, designated
Eqys, is also obtained from the transmission measurements.
Fig. 9 shows a comparison of Er,,. and Eq as a function of
Xe dilution of silane for the films deposited by HW-CVD
method. It can be seen that both, Et,. and Eg show
decreasing trend with increasing Xe dilution of silane. The
Erauc decreases from 2.4eV to 1.9eV whereas Eq, decreases
from 2.9eV to 2.3eV when Xe dilution of silane increased
from 0 % to 91 %. It is interesting to note that optical band
gap values estimated from Ey, method are found higher than
Etauc values calculated from Tauc’s method. It is generally
accepted that the band gap of Si:H depends on the
hydrogen content and it increases with the increase in
hydrogen content in the films [45].
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Fig. 9. Comparison of ETauc and E04 as a function of xenon dilution of
silane for nanocrystalline Si films deposited by HW-CVD method.

The band gap linearly increases from 1.5 to 1.7eV when
the hydrogen content in the film increases from 2 to 11 at.
%. Then up to a hydrogen contents of 20 at. %, the band
gap remains constant [46, 47]. However, in the present
study, with increase in Xe dilution of silane the hydrogen
content in the film increases (Fig. 8) whereas, the band gap
shows decreasing trend. In fact the band gap remains as
high as 1.9 eV even when the hydrogen content in the film
is less than 5 at. %. Thus, the amount of bounded hydrogen
only cannot account for the band gap in nanocrystalline Si
films. In addition there are several ambiguities about the
high band gap of nanocrystalline Si films because the
material contains both phases, amorphous and crystalline
and their properties vary with the volume fraction of these
phases. Accordingly, in the case of a mixed phase the band
gap should lie between amorphous and crystalline silicon
[48]. The typical value of the band gap of a-Si:H is between
1.6 and 1.8eV depending on the process parameters. The
high band gap of mixed phase nanocrystalline Si films has
been attributed by various researchers to the hydrogen
content [45], crystalline fraction [14], improvement of short
and medium range order [49], quantum confinement due to
presence of nanocrystallites [50], presence of oxygen and
also to low density amorphous tissues and micro-voids in
the film [51]. Recently, Gogoi et al. [52] have also reported
high band gap nanocrystalline Si films prepared by HW-
CVD method. We attribute increase of density of
amorphous tissue (or decrease in crystalline fraction) with
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increase in Xe dilution of silane may responsible for high
band gap. The increase in amorphous fraction may
increases void density in the films. The presence of voids
lowers the absorption in the film and shifts the transmission
curve towards higher photon energy. This produces higher
band gap, which is estimated by extrapolation of absorption
curve on the energy axis. The increase of amorphous
fraction (or decrease in crystalline fraction) with increase in
Xe dilution of silane, as revealed from low angle XRD,
Raman spectroscopy and atomic force microscopy analysis
further supports this conjecture.

Conclusion

In summary, we have investigated the effect of Xe dilution
of silane on structural, optical and electrical properties of
nanocrystalline Si films deposited by HW-CVD. With
increase in Xe dilution of silane nanocrystalline-to-
amorphous transition or amorpization has been observed in
nanocrystalline Si films. The amorphization has been
confirmed from dark and photoconductivity measurement,
Raman spectroscopy, low angle XRD and atomic force
microscopy analysis. The FTIR spectroscopy analysis
showed that with increase in Xe dilution of silane, in
addition to di-hydrogen, Si-H, and poly-hydrogen, (Si-H,),
complexes, hydrogen incorporated in these films in mono-
hydrogen, Si-H bonded species. The hydrogen content was
found < 5 at. % over the entire range of Xe dilution of
silane investigated and it increases with increase in Xe
dilution of silane. On the other hand, Et.. and Eqs show
decreasing trend with increasing Xe dilution of silane. The
Erauc decreases from 2.4eV to 1.9eV whereas Eq, decreases
from 2.9eV to 2.3eV. The optical band gap values
estimated from Eq, method are found higher than Eqyc
values calculated from Tauc’s method. Finally, it has been
concluded that Xe dilution of silane in HW-CVD enhances
the deposition rate but has a deteriorating effect on the
crystallinity of nanocrystalline Si films.

Lastly, escalation of the deposition rate with increase in
xenon dilution promises a significant technological impact
on fabrication of Si:H based solar cells.
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