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As silicon devices keep shrinking in size while the circuits become more complex, they require low dielectric constant materials
instead of silicon dioxide. SiOC films as low dielectric constant materials deposited by chemical vapor deposition were analyzed
by Fourier transform infrared spectroscopy, elipsometry and nano-indentation to find the correlation between the dielectric
constant and properties according to the flow rates. SiOC film showed a chemical shift according to an increase of the intensity
of the Si-O bond in the main bond near 1000 cm−1. Although the variation of the chemical shift was quite small in the FTIR
spectra, the hardness and electronic properties such as the dielectric constant showed large differences. The blue shift in the
main bond induced an increase in the hardness because of lowering the surface energy and a reduction of the carbon content
which decreased the polarity, thickness and dielectric constant. The reduction of the dielectric constant and thickness of the
SiOC film was caused by the reduction of ionic polarization owing to the elongation effect by the attractive force between
atoms, and made a fine cross linked structure which contributed to a flat surface on substrates.

Keywords: SiOC film, Thickness, Refractive index, Dielectric constant, Hardness.

Introduction

SiOC film is a new low-k material suggested in the
semiconductor industry to replace the SiO2 film as an in-
sulator, because of increasing the line-to-line crosstalk noise
and RC delay time of SiO2 film because of the trend to
reduce the scale over the last decades [1-5]. There are many
precursors such as tetraethoxysilane (TEOS), dimethyl-
dimethoxysilane (DMDMOS), bistrimethylsilylmethane
(BTMSM) and methyltrimethoxysilance (MTMS) for a
SiOC film deposited by chemical vapor deposition (CVD).
The decrease of the dielectric constant in SiOC film
originates from the nano pores formed in the SiOC film by
the repulsive force of the alkyl group or low polariza-
tion due to the C-H terminal bond [6-8]. Recently, low
density SiOC film due to the low polarization has attracted
interest because of its good mechanical and thermal
stability. However, porous SiOC film has serious problems
such as poor hardness and adhesion, in spite of its low
dielectric constant. Understanding the reason for lowering
the dielectric constant is an important factor to optimize
the SiOC film process [9-10]. SiOC film has been deposited
using CVD such as ICP (inductive coupled plasma)-CVD
and CCP (capacitive coupled plasma)-CVD. SiOC film has
different chemical and physical properties according to
whether ICP-CVD or CCP-CVD processes are used, because
of the different dissociation energies due to the plasma
density. The chemical shift in Fourier transform infrared

(FTIR) spectra may easily define the bonding structure of
SiOC film and has given useful information about the
mechanism of bond formation [11-15].

In this study, SiOC films deposited with various flow ratios
prepared with MTMS and oxygen as precursors were
analyzed by Fourier transform infrared spectroscopy,
elipsometry and nano-indentation. The dielectric constants
of SiOC films were investigated using a C-V measurement
system and their refractive indices using elipsometry to
reveal the relationship between the dielectric constant
and the polarization.

Experiments

The low-k SiOC films were obtained by inductive coupled
plasma chemical vapor deposition (ICP-CVD). The MTMS
was vaporized and carried by argon gas at 35 oC from a
thermostatic bubbler. The low-k SiOC films were prepared
by various flow rate ratios of MTMS and oxygen mixed
precursors. First, the camber condition was a vacuum with
10-5 Torr (0.00075~0.0013 µP) by a turbo pump. During
the process, each MTMS at various MTMS flow rates
3~13 sccm was vaporized at 35 oC with a thermostatic
bubbler carried by argon gas. The base pressure was 3 Torr
(0.0025µP) and the rf power was 800 W in each experiment.
The chemical properties of the SiOC films were studied
by a Fourier transform infrared spectrometer (FTIR, Galaxy
7020A). The dielectric constant of the polarization was
measured from the reflective index (n) by an ellipsometer
with a source of 632.8 nm and the capacitance for the
dielectric constant was calculated from the C-V (capacitance-
voltage) measurements at 1 MHz using an HP4284A on
the MIS (Al/SiOC film/Si substrate) structure.
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Results and Discussion

Fig, 1(a) displays the FTIR spectra from 600-2400 cm−1

of as-deposited SiOC films by inductive coupled plasma
chemical vapor deposition (ICP-CVD). These consist of
many bonds with the Si-CH3 bond at 1270 cm−1, the Si-O-C
bond near 1000 cm−1 and alkyl sites at 650-920 cm−1.
Fig. 1(b) is the peak position to find out the chemical shift
of the Si-O-C bond from 920-1220 cm−1. It is confirmed
that samples 3, 9 and 13 show a blue shift. The Si-O-C
bond near 1000 cm−1 consists of the left C-O and right
Si-O bonds, so the blue shift means an increment of the
Si-O bond at the right shoulder in the main bond and the
decrement of the carbon content.

Fig. 2(a) is the deconvolution in samples 8 and 9 to find
out the blue shift in the main bond from 920-1220 cm−1

which consists of the C-O and Si-O bonds. The Si-O bond in
sample 9 is larger than that of sample 8. An increment at the
right shoulder induces the blue shift in sample 9 owing to the
change to a higher wave number observed in FTIR spectra.

Fig. 2(b) is the relative intensity of the main bond in the
range from 900~2400 cm-1. Samples 3, 9 and 13 with the
blue shift are observed with a reduction of the intensity.
The length of Si-O bond is shorter than that of the C-O
bond, because of the stronger bonding strength of Si-O
than the C-O bond. So the peak position of the Si-O bond is
a higher wave number than that of the C-O bond observed
in FTIR spectra. The condensation effect of the Si-O bond

is related to the intensity of the main bond in the range from
900-2400 cm−1. The main bond with a high content of
the Si-O bond shifted to a higher wave number in the FTIR
spectra and moreover, decreased the peak intensity.

The MTMS and oxygen mixed precursor which was
dissociated by the plasma energy, created the ions, cations
and radicals such as Si-O, C-O, Si-CHn(n = 1-3), Si-H,
C-H or O-H bonds. The elongation effect between the
terminal bond of Si-CH3 and the oxygen contributes to
make a fine cross linked structure. They recombine with
other sites in different conditions according to the plasma
density, therefore the final materials have various bonding
structures such as cross linked breakage owing to the
porosity or cross linked structures.

Fig. 3 is the structure with pores by the distance force at
the terminal bond of Si-CH3 with many alkyl groups. The
space charge effect in Fig. 3 makes a cavity by the polarity
with many ionic radicals and so increases the thickness. Pores
enclosed by the alkyl groups also contribute to a decrease
in the hardness due to many carbon atoms. However, Fig. 4
indicates the cross linked structure of a SiOC film with
the effect of a lowering of the polarization due to ionic
forces between the atoms formed by a high plasma density
and plasma energy. The Si-CH3 bond is broken by the
oxygen that makes the Si-O, C-OH or C-O bond. The C-O
bond is attacked by the nucleophilic attack reaction from
a Si atom with many electrons and becomes the bond in
O-Si-C. The Si attack reaction and the H2O evaporation effect
between the terminal bonds of O-H contributes to make a
fine cross linked structure as shown in Fig. 4. The cross
linked structure contributes to make the low surface energy
and stability of the final materials. These are the mechanisms

Fig. 1. (a) FTIR spectra of 920-1220 cm
−1 of as deposited SiOC

film with various flow rates, (b) Chemical shift and peak position
in the main bond in SiOC film with various flow rates.

Fig. 2. (a) Deconvoluted FTIR spectra consists of the C-O and
Si-O bonds for samples 8 and 9, (b) Relative intensity of the main
bond in the range of 900-2400 cm

−1.
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of the Si-O-C cross linked structure to prepare the SiOC
low-k thin film.

The Si-O-C main bond of 920-1220 cm−1 consists of the
bonds of C-O and Si-O. The increment of carbon is related
to the porosity which has the hydrophobic properties as an
organic group. However, the Si-O net work is based on the
hydrophilic properties with an inorganic group. To make
the low dielectric materials suitable for ultra large scale
integrated circuits devices, it is necessary to produce non
polarization in the insulator because it gives the electric
stability for the reduction of the leakage current. Moreover,
the low-k candidate materials for semiconductor devices
require hardness as a physical-mechanical property.

Fig. 5 shows the thickness of SiOC films with various
flow rates. The thickness decreases for samples 9 and 13 with
the blue shift as shown in Fig. 1. The blue shift is strongly
related to the reduction of the carbon content which causes
the cross linked structure. This result disperses the charge of
the proton and stabilizes the carbocation. Consequently, the
thickness of the film decreases depending on the weak boun-
dary conditions, and makes the final films with a low surface
energy because of a lowering of the polarization. However,
intensifing the charge of the proton increases the surface

energy of the film, and leads to an increase of the thickness
of the film such as for samples 7 and 11.

Fig. 6 shows the hardness of SiOC films with various
flow rates. The hardness increases for samples 5, 9 and 13
which shows the blue shift as shown in Fig. 1(b). The blue
shift depends on an increase of the C-O bond content
which supports the hardness, because the Si-O bonding
strength is stronger than the Si-C bond in the SiOC films.

Fig. 7 shows the dielectric constant of SiOC films which

Fig. 3. Bonding structure in a porous SiOC film.

Fig. 4. Cross link bonding structure.

Fig. 6. Hardness of SiOC films with various flow rates.

Fig. 5. Thickness of SiOC films with various flow rates.

Fig. 7. Dielectric constant of SiOC films with various flow rates.
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the MIS (Al/SiOC film/Si substrate) structure from the
C-V measurement system. The dielectric constant decreases
for samples 4, 9 and 13 having a low thickness and the blue
shift. The lowest dielectric constant is 2.9 for sample 9.
It is inferred that the dielectric constant directly decreases
depending on the thickness. The C-O bond attacked by a
Si atom can easily make a Si-O-C cross-linked structure
with a low surface energy because of the electron deficient
group owing to the weak π bond.

Fig. 8 displays the capacitance of samples 4 and 12
with a low dielectric constant. The capacitance is closely
related to the dielectric constant using a MIS structure, and
the capacitances of samples 4 and 13 are also lower than
that of any other samples. The dielectric constant is related
to the polarity which consists of dipole, ionic and electronic
polarization. The dielectric constant of SiOC films is
generally made up of ionic and electronic polarization
without a dipole moment because of it is a low dielectric
constant material which is an insulator.

Conclusions

SiOC films were prepared with various flow rates by
inductive coupled plasma chemical vapor deposition.
The blue shift in the main bond was strongly related to
the reduction of the dielectric constant and thickness. The
dielectric constant decreased from a sample with a low
thickness by lowering the polarization. The blue shift was
caused by increasing the intensity of the Si-O bond at
the right shoulder in the main bond which contributes
to a reduction of the carbon content. The decrease of the
carbon content induced the increase of the hardness and a
cross linked structure in the final film. Increasing the
thickness was due to the formation of nano pores by the
steric hindrance at the terminal bond, therefore its hardness

was decreased because of these voids. The pores resulted
from the space change effect were made by the increment
of ionic polarization such as by the alkyl groups which
therefore increased the thickness by producing the voids.
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Fig. 8. Contribution of ionic polarization of SiOC film with various dielectric constants, (a) Capacitance of samples 4 and 5, (b)
Capacitance of samples 11, 12 and 13.


