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Abstract

Thin films of hydrogenated amorphous silicon (a~Si:H) and hydrogenated amorphous silicon carbide (a-SiC:
H) of different compositions were deposited on Si (100) wafer and glass by RF plasma-enhanced chemical vapor
deposition (RF-PECVD). In the present work, we have investigated the effects of the RF power on the properties,
suchas optical band gap, transmittance and crystallinity. The Raman data show that the a-Si‘H material consists
of an amorphous and crystalline phase for the co-presence of two peaks centered at 480 and 520 cm™". The UV-
VIS data suggested that the the optical energy band gap (E,) is not changed effectively with RF power and the
obtained E; (1.80eV) of the -Si:H thin film has almost the same value of a-Si:H thin film (1.75eV), indicating
that the crystallity of hydrogenated amorphous silicon thin film can mainly not affected to their optical proper-
ties. However, the experimental results have shown that E,of the a-SiC:H thin films changed little on the anneal-
ing temperature while E, increased with the RF power. The Raman spectrum of the a-SiC:H thin films annealed
at high temperatures showed that graphitization of carbon clusters and microci ystalline silicon occurs.

1. Introduction

After LeCormber et al. reported the first amor-
phous hydrogenated silicon (a-Si:H) TETY,
many laboratories started the development of an
active matrix LCDs (AMLCDs) using a-Si.H TETs
formed on glass substrate. Since a-Si:H has inhe-
rently low mobility (0.8-0.7 area/voltage sec-
onds), usually a capacitor must added at each

pixel. With increasing the display area and pixel

density of TFT-LCD, however, high mobility
TFTs are required for pixel driver of TFT-LCD in
order to shorten the charging time of pixel elec-
trodes. The most important of these drawbacks is
a-Si:H’s electron mobility, which is the speed at
which electrons can move through each transis-
tor. The problem of low carrier mobility for the a
-Si:H TFTs can thus be overcome easily by intro-
ducing polycrystalline silicon (p-Si) or hydroge-

nated amorphous silicon carbide (a-SiC:H) thin
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films instead of a-Si:H as a semiconductor layer
of TFTs* ¥,

Recently, a-SiC:H thin films have attracted
much attention because they are not only a prom-
ising material for making efficient solar cells® but
are also an interesting system for the study of
amorphous materials® '". The physics of these
alloys is more complex due to the presence of car-
bon: the atomic ratio of C to (C + Si) can be
varied from O to 1. Consequently, the optical gap
can be tailored over a wide range of values. Fur-
thermore, there are different possible carbon
configurations. For this reason a detailed under-
standing of the parameters that determines the
growth mechanisms is essential for the optimiza-
tion of the optoelectronic properties.

The most conventional methods to fabricate p
-Si and a-SiC:H thin films were low pressure
chemical vapor deposition (LPCVD) as well as
solid phase crystallization (SPC}, pulsed rapid
thermal annealing (PRTA), and eximer laser an-
nealing (ELA)'*"!¥ However, these methods have
some disadvantages such as high deposition tem-
perature over 600 °C, small grain size (< 50 nm),
poor crystallinity, and high grain boundary states.
So that the low temperature and large area pro-
cesses using a cheap glass substrate are impossi-
ble because of high temperature process. To en-
hance crystal properties, SPC is more useful
method to increase the grain size than the as-
deposited p-Si thin film by LPCVD'?. But it needs
a long time annealing at high temperature over
600 °C. On the other hand, even though up to now
LPCVD and PECVD always produced poor crysta-
llinity and relatively small grain, these methods
can be utilized at below 600 ‘C. Among them the
RF-PECVD method was our focus to improve the

crystallinity and grain size of a-SiC'H thin film
grown at low temperature of below 600 C.

In this paper, therefore, we have deposited the
hydrogenated amorphous silicon (a-Si:H) and
the hydrogenated amorphous silicon carbide (a-
SiC:H) thin films on Si(100) wafer and glass by
RF plasma-enhanced chemical vapor deposition
(PECVD). In the present work, the effect of the
RF power on the properties, such as optical band
gap, transmittance and crystallinity, was mainly
studied.

2. Experimental

The a-Si:H and a-SiC:H thin films were de-
posited by a radio frequency (13.56 MHz) plasma
enhanced chemical vapor deposition (RF-PECVD)
system with various RF powers and annealed at
different temperatures. Figure 1 shows a schema-
tic illustration of the RF-PECVD system (ULVAC,
CPD-6108) used for film deposition.

The system employs the load-lock system com-
prising a reaction chamber and a loading /unload-
ing chamber. The substrate is set on the tray with
the surface to be coated facing down, so that

deposition of dust particles and flakes can be
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Fig. 1 Schematic diagram of RF-PECVD system
used in this work.
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minimized. In addition, before thin film deposi-
tion, all substrates were pre-treated by hydrogen
plasma for 60 min. to enhance nucleation rate and
film adhesion. The substrate temperature, T, was
kept between 150-400 C, the RF power was var-
ied from 30 W to 400 W. The working pressure
was fixed in the range of 1.6 to 2.4 Torr. Silane
(SiH,) gas was used as a-Si:H source, and SiH,
and CH, gas mixture was utilized as a-SiC:H
source, respectively. The flow rate ratios rq = Q
(CH,) / [Q(SiHy) + Q(CH, 1, where Q represents
the flow of the respective gas, was fixed at 0.5.
The annealing temperature was varied from 400°C
to 600 °C. The as-deposited films were annealed
for 90 mins in a quartz tube under nitrogen (N»)
atmosphere, respectively. The films were deposited
on glass substrates for the measurements of the
optical properties.

We measured the optical properties, such as
band gap energy, transmittance, and absorption
coefficient. UV-Vis spectrophotometer (Shindori~
coh, UVS-1100) was used to determine the trans-
mittance. The Tauc’s plot was used to determine
the optical bandgap energy (E,) using the thick-
ness measured by spectroscopic ellipsometry (SE)
and a-step profiler, respectively, and then the
results from Tauc’s plot were compared with EQ..
The Raman spectrophotometer was also used for

structural analysis.

3. Results and Discussion

3.1 a-Si:Hthin films

Figure 2 shows the typical X-ray diffraction
patterns of a-Si'H (a) and gc-Si:H thin films
grown on Si{100) substrates at 150 *C with diffe~

rent RF powers without hydrogen pre-treatment.

In the case of a-Si:H thin film growth, no diffrac-
tion peaks due to thin film was observed through
the whole RF powers. However, a broad diffrac-
tion peak at about 26 = 28° was appeared from
a thin film grown on Si(100) substrate at 150 C,
300 W of RF power with hydrogen pre-treatment.
The obtained peak was attributed to Si(111)
diffraction, suggesting formation of a microcrys-
talline hydrogenated silicon (uc-Si:H) thin film
on Si(100) substrate. This indicates that the
hydrogen plasma can makes an important role of
enhancing nucleation sites and of crystallization
of a-Si H.
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Fig. 2 XRD peaks of (a) a-SiiH and (b} c-SiH
thin films.
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Figure 3 shows the Raman spectrum of a thin
film grown on Si(100) at 150 C, SiH.'H,=1'10,
300 W of RF power. Raman data show that the a-
Si:H thin film consists of an amorphous and crys-
talline phase for the co-presence of two peaks
centered at 480 and 520 cm™". S. Takenaka et. al.'®
reported that if the film have no crystalline struc-
ture, the Raman vibrational peak will be observed
at 480 cm™".
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Fig. 3 Changes of the optical energy band gap of a
-SitH and #c-SiiH thin films with RF pow-
ers.

In our case, the reason of arising the peak at
480 cm™' as a shoulder peak of the major Raman
vibrational peak (520 cm™') is attributed to the
contents of amorphous phases in the (#-Si H thin
film. This is well agreement with the XRD result
that showed a broad diffraction peak with weak
intensity. Conclusively the as—-grown pc-Si.H thin
film has a locally crystallized structure with a net-
work of amorphous silicon. From our FT-IR
measurements (not shown), we confirmed the
detailed structure of the xc-Si:H thin film. For 1
-Si:H thin film, a lot of SiH, bonding species were
observed compared with a-Si:H. This can be
explained that since the silicon atoms in the g~

Si:H thin film have a random network. that can

makes many dangling bonds. Thus, many hydro—
gen atoms will be bonded with the silicon atoms in
the dangling bonds, resulting in SiHx species for-
mation.

In order to obtain the energy band gap, E; of
the #c-Si'H thin film, we carried out the transmi-
ttance measurements using UV-VIS spectrometer
after the -5i . H thin films growth on glass
substrates. The E, of films was evaluated from the
Tauc’s plot. An alternative method, in which the

bandgap energy is defined as the energy (Eq) at

1

y

which the absorption coefficient equals 10* cm™
was also used. Figure 4 shows the variation of E,

as a function of RF power.
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Fig. 4 Raman spectra of a pc-SiiH thin film.

The data suggested that the E, is not changed
effectively with RF power and the obtained E,
(1.80 eV) of the pc-Si H thin film has almost the
same value of a-Si:H thin film (i.e. 1.75eV). This
indicates that the crystallity of hydrogenated
amorphous silicon thin film can mainly not affe-
cted to their. optical properties, signifying that
more systematic studies on the relationship betw-
een crystallity and optical energy band gap are

still necessary.
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3. 2 a-SiC:Hthin films

Figure 5 shows the variaﬁion of E, values obtai-
ned from a-SiC:H thin films that grew at 250 with
different RF powers.

In Figure 5, for the same changes in the RF
power, the E, varied between 3.68 eV and 4.09 eV,
while the Ea values which were evaluated by
using the thickness of films measured from SE
and a-step varied between 3.55 eV and 4.1 eV.
This indicates that to enhance sp® bond the radi-
cals are increased with the RF power and the
band gaps. After annealing, we observed no
change in the E,; and Eq. Because the quantity is
little changed, it is sure that the thermal stability
is superior than that of a-Si:H thin films.
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Fig. 5 Variation of optical energy band gap of a-

SIC:H thin films with R- powers, compared
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The annealing effect has been investigated
using a Raman spectrophotometer. The Raman
scattering results (Fig. 6) showed that the micro~
crystalline phase in the films was rapidly enhan-~
ced as the annealing temperature increased, indi-
cating coexistence of crystalline Si and graphite
in the films. In the low wavenumber region shown
in figure 6, as annealing temperature is increased,
one can observe that the band centered around

520 cm™! resembles the Raman peak of ¢-Si and
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Fig. 6 Raman spectra of a-SiC:H thin fims as a
function of annealing temperature

becomes much narrower. This is the evidence of
silicon crystallization after annealing at higher
temperature, however X-ray diffraction measure-
ments did not show any indication of silicon crys-
tals in the films. In the case of a-SiC H film which
was annealed at higher temperature, two asym-
metrical peaks in the high wavenumber are obse-
rved, which are centered at 1355 cm™' (D band)
and 1580 em™' (G band), respectively and it is
generally known that D band peak indicates dis-
ordered microcrystalline graphite and G band
peak indicates sp* graphite'®. However, for the as
-deposited a-SiC:H film before annealing, D band
peak is rarely observed. Therefore, it means that a
-SiCH films before annealing is mostly consisted
of sp® bond and sp® bond increase with increasing
of annealing temperature. And this is consistent
with the result of FTIR which shows that C-H
bond and Si-H bond break and C-C bond is gen-
erated. And also it agrees with Dischler et al.'”
who showed that the graphitic component is in-
creased when H is eliminated from the amorphous
network. This occurs upon sample annealing.
However, 3i-C bond peak was not observed in this
work and the absence of SiC crystalline clusters
suggests that the silicon microcrystallines are

likely to be embedded within the amorphous
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matrix. Further evidence for this argument is the
large value of the optical gap obtained from the

annealing samples (~ 3.9¢eV).

Conclusions

We have deposited hydrogenated amorphous
silicon (a-Si:H) and hydrogenated amorphous
silicon carbide (a-SiC:H) thin films on Si(100)
wafer and glass substrates by RF plasma-enha-
nced chemical vapor deposition (RF-PECVD).
With X-ray diffraction, Raman spectroscopy, UV~
VIS spectroscopy, spectroscopic ellipsometry, and
a-step profiler, the effects of the RF power and
annealing on the properties, such as optical ener-
gy band gap (E,), transmittance, and crystallinity,
were mainly studied in this work. XRD and Raman
data show that the pc-Si‘H thin film consists of
the co-presence of an amorphous and crystalline
phases with (111) orientation. The UV-VIS data
suggested that the E, is not changed effectively
with RF power and the obtained E, (1.80 eV) of
the pc-Si:H thin film has almost the same value
of a-Si:H thin film (i.e. 1.75 eV), indicating that
the crystallity of hydrogenated amorphous silicon
thin film can mainly not affected to their optical
properties.

On the other hand, the optical energy band gap
of a-SiC:H films was drastically changed with the
RF power and the annealing temperature. Both
the E; and the Eq followed a specific trend of var-
iation with an increase in the RF power. The E,
values increased from 3.68 eV to 4.09 eV, while
the Eq values increased from 3.55 eV to 4.1 eV for
the same increase in the RF power. After anneal-
ing, we observed no change in the E, and Eq. The

Raman scattering results showed that the micro-

crystalline phase in the films was rapidly enha-
nced as the annealing temperature increased.

In conclusion, we proved that the a-SiC H thin
films were more stable than a-Si'H thin films in
optical characteristics, as well as being more ther-
mally stable. Therefore, it is expected that the a-
SiC:H thin film may be effectively used for the

window layer in high efficiency solar cells.
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