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In this paper we report on synthesis of thin films of silicon dioxide (SiO2) using
conventional plasma enhanced chemical vapor deposition (PE-CVD) from pure silane
(SiH4) and oxygen (O2), gas mixture at low RF power (30 Watt) and at moderate
substrate temperature (250 C). We have systematically investigated the material
properties of these films as a function of oxygen partial pressure in view of their use
in MOS devices. The formation of SiO2 thin films is confirmed by Fourier transform
infrared (FTIR) spectroscopy. The thickness and refractive indices of the films
measured by ellipsometry. C-V measurement shows that the electrical properties are
directly related to process parameters and Si/SiO2 interface. The MOS structures
were also fabricated from optimized SiO2 layer to study C-V measurement and to
estimate interface, oxide and effective border traps density.
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1. INTRODUCTION
Silicon dioxide (SiO2) thin films are extensively studied for various
applications in micro-electronics and multi-dielectric optical components
because of their low refractive index. In thin film transistors (TFT) for
active matrix liquid crystal displays (AMLCD), a low-temperature processing
has to be developed to utilize low-cost glass substrates. This reduction in
deposition temperature degraded material properties and electrical
performance of the devices. It is therefore required to develop a lowtemperature process which can give acceptable material and electrical
properties. The low-temperature SiO2 film deposition has been widely studied
with different methods such as plasma-enhanced chemical vapor deposition
(PE-CVD) [1], photo-CVD [2], ECR plasma CVD [3], Remote-PE-CVD [4] etc.
Of these only PE-CVD has been proved to be the low temperature, fast and
high growth rate deposition technique for the growth of SiO2 films [5-7].
However, it has been observed that the low temperature oxide property is
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inferior to thermal oxides resulting from the incorporation of the hydrogen
related impurities, such as Si-H, Si-OH, and H2O [8].
The most widely used precursors for the deposition of SiO2 films using
PE-CVD at low substrate temperature are silane (SiH4) and tetraethoxysilane
(TEOS, Si (OC2H5)4) with oxygen (O2) and nitrous oxide (N2O). The SiO2 film
deposited using TEOS and O2 gives excellent step coverage but due to low
temperature can incorporate impurities like silanol (SiOH), carbon dioxide
(CO2) and water content. These impurities can degrade device reliability [9].
The films grown using SiH4 and N2O shows Si-N, N-H and Si-H bonding
groups with high hydrogen content in the films [10]. However, the SiO2
films deposited from mixture of SiH4 and O2 displays only Si-H and O-H
bonds along with Si-O- Si bonds. The films produced from SiH4, O2 and
hydrogen (H2) mixture shows low hydrogen content with good structural and
electrical properties [11,12]. With this motivation an attempt has been made
to prepare SiO2 films from the mixture of SiH4 and O2 using PE-CVD
method. The electrical and optical properties of these films are studied as a
function of oxygen partial pressure. The SiH4 flow rate is intentionally kept
low to ensure better control on film thickness which is essential for MOS
structure to improve the dielectric quality [13]. Apart from this,
stoichiometry, refractive index, and percentage of incorporated oxygen in
the film have been also studied.
2. EXPERIMENTAL DETAILS
The SiO2 films were deposited simultaneously on corning #7059 glass and ptype Si (100) wafers (3-5 cm – 1) by PE-CVD technique using silane, oxygen
and hydrogen mixture. Prior to the deposition, the Si wafers were treated
with HF to remove any native oxide layer. Initially the deposition chamber
evacuated to the base pressure of 3 10 – 5 Torr. Then the oxygen partial
pressure in the deposition chamber was adjusted using micro-needle valve by
controlling the oxygen flow rate while silane and hydrogen flow rates were
kept constant. Other system e parameters are listed in Table 1.
Table 1 – Deposition parameters employed for the synthesis of the SiO2 films
by PE-CVD
Deposition pressure (Pdep)

0.4 Torr

RF power
Inter-electrode distance

30 W
4 cm

Substrate temperature (Ts)

250 C

Silane flow rate
Hydrogen flow rate
Oxygen partial pressure ( PO )

1.5 sccm
20 sccm

2

3

10 – 4-3

10 – 3 Torr

Fourier transform infrared (FTIR) spectra of the films were recorded by
using FTIR spectrophotometer (JASCO, Japan). Bonded oxygen content (CO)
was calculated from stretching mode of IR absorption peak using the method
proposed by Iftiquar [14]. The thickness of films is measured by using
ellipsometery and further confirmed UV-Visible spectroscopy using the
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method proposed by Swanepoel [15]. All samples were annealed at 450 C in
ambient environment for 15 min and allowed to cool them to room
temperature. Gold dots are thermally evaporated through a metal shadow
mask on top surface of SiO2 films to form the gate electrode. Aluminum was
also thermally evaporated on the back surface of Si wafer for ohmic
contacts. The MIS structures were fabricated for C-V measurements and for
interface characterization. The C-V measurements were achieved with LCR
meter by varying voltage from – 3 V to 3 V at 1 MHz frequency.
3. RESULT AND DISCUSSION
3.1 FTIR spectroscopic analysis
The FTIR spectra of SiO2 films deposited at various oxygen partial pressures
(PO2) by PE-CVD is shown in Fig. 1.

Fig. 1 – FTIR transmission spectrum of the series of samples deposited at different
oxygen partial pressures. The spectra are arbitrarily shifted vertically for clarity

Following observations have been made from the FTIR spectra for the
films deposited at various oxygen partial pressures;
All films have major absorption bands at 668 cm – 1 due to Si-O-Si
bending vibrational mode [16], at 880 cm – 1 due to bending vibrational
mode of Si-OH bonded species [17] and at 1042 cm – 1 due to antisymmetric stretching vibrational mode of Si-O-Si [18].
It can be clearly noticed that with increasing oxygen partial pressure,
the intensity of absorption of band 1042 cm – 1 increases and it shifts
towards higher wave number. The increase in intensity absorption of
band indicates increase in oxygen content in the films with increase in
oxygen partial pressure in SiH4 and H2 plasma whereas the shifting of
absorption of band towards higher wave number indicates the formation
of stoichiometric SiO2 [10].
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The presence of only one broad peak in figure 1 indicates that there is
no hydrogen bonding present in the deposited films. This implies that
H2O concentration in the film is very low. The relative peak intensity of
Si-O bending to O-H bending further supports conjecture.
Furthermore, appearance of weak absorption peak at 880 cm – 1 in the
FTIR spectra may be due to silanol which is formed due to unreacted
silane, oxygen, and hydrogen in the plasma [18].
Therefore, the FTIR spectroscopic analysis clearly indicates the formation of
SiO2 films using the silane and oxygen mixture by using PE-CVD technique.
3.2 Ellipsometry analysis
Fig. 2 shows the variation of static refractive index (n0) and deposition rate
(rd) as a for SiO2 films deposited by PE-CVD as a function of oxygen partial
pressure (PO2).

Fig. 2 – Variation of static refractive index and deposition rate as a function of
oxygen partial pressure for SiO2 thin films deposited by PE-CVD

As seen from the figure the deposition rate of SiO 2 films increases from
1.72 /s to 5.90 /s as oxygen partial pressure increases from 5 10 – 4 to
30 10 – 4 Torr. The increase in deposition rate with increase in oxygen
partial pressure is as expected. With increasing PO2 the density of O2 in the
deposition chamber increases. The O2 is highly reactive with silane. Thus, at
the fixed deposition pressure and the plasma excitation power employed the
density of reactive precursors responsible for the growth of SiO 2 increases
with increase in PO2. As a result the deposition rate increases with increase
in oxygen partial pressure. The abrupt increase in deposition rate for the
SiO2 film deposited at PO2 30 10 – 4 Torr further support this inference.
Also as seen from the figure, the static refractive index for SiO2 films
decreases from 2.01 to 1.47 as the oxygen partial pressure increased from
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5 10 – 4 to 30 10 – 4 Torr. It is interesting to note that the value of static
refractive index for ultra-thin SiO2 film having thickness of 88 (1.47) is
same as that of bulk SiO2. This result indicate that the dense SiO2 films
exhibiting very similar optical characteristics that of bulk SiO2 can be
obtained from PE-CVD technique using silane and oxygen mixture.
3.3 Capacitance-Voltage (C-V) measurements
Fig. 3 shows the high frequency C-V measurement curves for the SiO 2 film
(thickness – 924 ) before and after annealing.

a

b
Fig. 3 – The C-V plot for SiO2 film of thickness 924

annealed (a) and unannealed (b)

As seen from the figure a significant hysteresis is observed in C-V plot for
both annealed as well as unannealed films. This result shows the presence of
border traps in the films. The estimated density of border trap (see table 2)
is agrees with previously reported values [19]. Furthermore, a jump like
change in C-V curve is observed for the unannealed film which is due to the
effect of electric field during deposition of SiO2 film. Similar results have
been observed for ultra-thin SiO2 films [20].
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Table 2 – Interface trap, Border traps and oxide traps are calculated from
C-V measurements. The corresponding thickness and refractive index
measured from ellipsometry are also shown in the table
Sample
thickness(Å)
88
264
924
3940

Qit

1012
1.5
3.2
3.9
2.5

Qbt

1011

3.0
4.08
4.56
0.88

Qot

109

5.32
8.43
24
1.35

Refractive
index
1.47
1.47
1.47
1.48

4. CONCLUSION
Silicon dioxide (SiO 2) films were successfully deposited by plasma enhanced
chemical vapor deposition (PE-CVD) using silane and oxygen gas mixture. The
effect of oxygen partial pressure on material properties has been investigated.
It is observed that the deposition rate increases with increase in oxygen
partial pressure. The formation of SiO2 films has been confirmed by FTIR
spectroscopic analysis. We observed that static refractive index and interface
states for ultra-thin SiO2 film are same as that of bulk SiO2. This result
indicates that the ultra-thin SiO2 film having device quality optical properties
can be obtained from PE-CVD technique using silane and oxygen gas mixture.
The authors are thankful Indian Space Research Organization ISRO and
University of Pune science and technology center (ISRO-UOP-STC) for the
financial support.
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