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Abstract

Nanocrystalline silicon thin films were prepared on corning (7059) glass substrates
by means of a 150 MHz very high frequency plasma-enhanced chemical vapour
deposition. An analysis about the effect of deposition times and substrate
temperatures on the optical properties of nanocrystalline silicon is reported. Analysis
by UV-Vis-Nir spectrophotometer showed that nc-Si films were almost transparent
throughout the visible and infrared (IR) region mainly at 4 > 500 nm, while strongly
absorbed incident light occurred in the ultraviolet (UV) region. A blue-shift changes
at energy around 2.3 eV is observed for absoprtion coefficient if compared to those
of bulk silicon crystal due to quantum confinement of nc-Si. The effect of film
thickness showed a strong relation in the absorption coefficient value. Thicker films
at longer deposition times and lower substrate temperatures reduced absorption
coefficient of the films. However, grain size and surface roughness also plays a
major role. Optical energy band gap, E,”* deduced from Tauc’s plot were found to
be higher than 1.1.eV within the range of 1.7 - 2.3eV. These results were consistence
with those obtained using PL measurements. The existence of nc-Si was previously
confirmed using EDX and Raman analysis.
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1. INTRODUCTION

Silicon is the main component used in semiconductor devices. However, due to its
inability to emit light efficiently, their application is limited. After a report is made
on visible photoluminescence (PL) from porous silicon in 1990, it has attracted much
interest on the probability of developing silicon as principal material in
optoelectronic devices [8, 9]. Extensive research on this particular material has
shown that the existence of small crystallites, typically around 10 nm that is
embedded in an amorphous matrix (nanocrystalline silicon) has effectively create
new and unique properties compared to those of bulk crystalline silicon.

Nanocrystalline silicon (nc-Si) thin films are grown through various
techniques such as pulsed laser deposition (PLD), magnetron sputtering, hot wire
CVD (HW-CVD) and plasma enhanced CVD (PE-CVD). Among the techniques, the
latter is the most used because of its ability to grow high quality nc-Si thin films at
high deposition rate [3, 9].

Over the decade, various range of plasma excitation frequencies has been
developed in hope to determine an optimum condition to grow high quality nc-Si thin
films by using PECVD. However, research is more focused on the usage of low and
medium high frequency (MHF). There are only a few report on nc-Si thin films
grown using very high frequency (VHF) PECVD. In this paper, we grow nc-Si thin
films using the highest plasma excitation frequency ever reported, which is a
150MHz VHF-PECVD. The purpose of this work is to see the effect of varied
growth condition on the optical properties of the films.

2. EXPERIMENTAL DETAILS

Nc-Si thin films were prepared by a 150MHz VHF-PECVD technique on 7059
corning glass substrate with SiHy4 (g) as feed gas. To enhance the nucleation of nc-Si,
SiHy is diluted in argon (g) with 1:9 ratios. Total gas flow rate and RF power is kept
fixed at 10 sccm and 24 watt. Meanwhile, deposition time, tp and substrate
temperature, T are varied from 5 to 20 minutes and 100°C to 400°C, respectively.
The thickness of the films were about 100-300 nm. The films thicknesses were
determined from ellipsometer analysis.

Transmittance spectra for the films were analysed using UVVis-Nir. Data
obtained from transmittance spectra is then used to determine the absorption
coefficient, o (cm™). The optical energy gap, E,*"is found out by using Tauc’s plot.
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3. RESULTS AND DISCUSSION
3.1 Transmission and Absorption Coefficient

As light enter a medium, the loss of its intensity, if any, is caused by absorption.
Portion of light that are not absorbed is said to be transmitted. Changes in deposition
time and substrate temperature are found to be insignificant in the changes of light
being transmitted for nc-Si thin films. Throughout the visible (vis) and infrared (IR)
region, mainly at A > 500 nm, only a very small portion of light is being absorbed,
thus films are almost transparent in these regions. However, a strong light absorption
occurred in the ultraviolet (UV) region.

The absence of absorption in the visible and infrared region is because in
these regions, photons do not have sufficient energy to cause electronic transition
from valence band (VB) to higher energy state. The transition can only occur if the
incident photon corresponds exactly to the energy gap associated with the films.
Electronic transition does not occur in the condition where photons are insufficiently
energetic or too energetic. However, the energy of incident photon is sufficient
enough to be absorbed in the ultraviolet region thus; absorption is present in this
region [11]. Figure 1 shows the transmittance spectra for films prepared at various
substrate temperatures.
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Figure 1: Transmittance spectra for samples prepared at various substrate
temperature

In this study, the domination of quantum confinement effect on the optical
properties of nc-Si can be observed from the blue-shift of the absorption threshold
value with respect to bulk c-Si. The reduction to nanoscale size also causes a
decrease in electrons state densitywhich reduces the absorption coefficient value as
observed in figure 2 and 3 [6].
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The shifting of absorption threshold value is strongly related to the variation
in grain sizes. As grain size gets larger, the interaction between electrons in Si-Si
bond grows stronger and causes a band gap widening. Therefore, enhancement in
grain size is likely to shift the absorption threshold value to lower energy [10]. The
observed red-shift as growth time is prolonged and substrate temperature is higher
complies with larger grains as determined by Raman analysis.

It is also observed that the values of absorption coefficient are lower for
sample prepared at longer deposition time. The reduction in absorption value is a
result of increased film thickness. As samples are prepared at a longer deposition
time, the film becomes thicker. Since absorption coefficient is inversely proportional
to the thickness of film, d as shown by eq. (1), the obtained results correspond well
with the theory [2, 7]. On the other hand, samples prepared at higher substrate
temperature have lower thickness, therefore, higher absorption.
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Figure 2: Absorption coefficient for nc-Si thin films prepared at deposition times of
5, 10, 15 and 20 minutes
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Figure 3: Absorption coefficient for nc-Si thin films prepared at substrate
temperature of 100°C, 200°C, 300°C and 400°C

3.2 Optical Energy Band Gap

0, 12

Optical energy band gap, E,”" is obtained by plotting (a/v)"” vs hv and extrapolating
the linear part of the graph to where (ahv)”” = 0. Table 1 tabulates the E,%" obtained
from the samples.

Table 1: Optical energy band gap, E,”" for samples prepared at different deposition

conditions
.. Optical band gap,
Growth conditions Eg(”” (V)
.. 5 -
gri[;osmon 10 200
(minutes) 15 2.00
20 1.98
100 2.18
‘tSe:l;Engat:ure 200 2.02
o P ’ 300 2.00
400 1.89
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From table 1, E,”' obtained from analysis on the films are higher than bulk c-
Si (1.12eV). The energy band-gap widening is consistent with quantum confinement
effect expected with the shrinking of Si grains into nanoscale. A similar declining
trend is observed in E,”' as growth process progressed. The trend is in good
agreement with enlargement in grain size at longer deposition time and higher
substrate temperature [10,16,5]. The decrease in E,”* was also previously reported as
a result of increasing film thickness [12, 4, 2]. This is true for the films grown at
increasing deposition time. However, thinner films obtained as substrate temperature
1s higher do not comply with the report. This contradictive result might be due to the
differences in the film thickness where in previous report, the film thickness is
reported as 190 nm, 405 nm and 490 nm whereas in this study, the film thickness is
below 300 nm. This shows that at lower thickness, E,”" is dominated by grain size
instead of thickness of the films.

4. CONCLUSIONS

We prepared nc-Si thin films by a PECVD tehnique using a SiH4/Ar gas mixture.
The optical properties were studied by increasing deposition time from 5 to 20
minutes and substrate temperature from 100°C to 400°C. It was found that due to
quantum confinement effect, the absorption threshold value shifted to higher energy
compared to those of bulk c-Si. Although film thickness strongly affect total
absorption coefficient value, it does not play a major role in the determination of
E,”. Instead, enlargement of grain size causes red-shift in absorption threshold value
and decrease E,”".
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