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Comparison between SiOC Thin Films Fabricated by Using Plasma Enhance
Chemical Vapor Deposition and SiO2 Thin Films by Using Fourier Transform
Infrared Spectroscopy
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SiOC thin films were deposited by using inductively coupled plasma chemical vapor deposition,
and the detailed chemical properties were analyzed by using Fourier transform infrared (FTIR)
spectroscopy. According to their chemical properties determined by using FTIR spectra, the dielectric constant of the SiOC film was found to be decreased due to the ionic polarization between
the hydrophilic and the hydrophobic properties. The broad bonding mode in the range of 640 ∼
950 cm−1 consisted of Si-C (740 cm−1 ), C-O (820 cm−1 ), and Si-O (884 cm−1 ) bonds, and the
peak intensity of these bonds varied with the chemical properties. The hydrophilic properties of
the SiOC film showed a dominant of Si-C (740 cm−1 ) bond; however, the hydrophobic properties
of SiOC film displayed a dominant C-O (820 cm−1 ) bond. The SiOC thin film with hybrid-type
hydrophilic and hydrophobic properties showed a dominant of Si-O (884 cm−1 ) bond and had the
lowest dielectric constant because of a lowering of the polarization between the hydrophilic and the
hydrophobic properties.
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I. INTRODUCTION
The exponential growth of the semiconductor industry
has been driven by the scale-reduction trend for the
last decades, and usual dielectric materials such as by
SiO2 films have been used as interlayer dielectric (ILD)
materials for device fabrications [1-3]. However, SiO2
faces a challenge in further scale reduction and will
soon approache its fundamental limit for ultra-large
scale integrated (ULSI) circuit device applications. The
SiOC thin film is a promising candidate material for a
low-dielectric film owing to the possessing pores in the
films or lighter C and H atoms as opposed to Si and
O atoms [4-7]. SiOC films can be deposited by using
spin-on-coating deposition or chemical vapor deposition
(CVD). The SiOC film deposited by using CVD as a
low dielectric (Low-k) material potentially possesses a
low dielectric constant due to it decreased polarization
and has a beneficial effect on the material quality of the
wafers. However, the reaction mechanism of SiOC thin
films deposited by using CVD is not yet clear, and the
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chemical properties of SiOC have always drawn much
attention [8-10]. SiOC films prepared by using plasma
methods possess many ionic, cation, electronic, and
neutral sites as a result of the deposition process. These
sites are regenerated with an ionic attractive force and
may decrease the dielectric constant depending on the
bonding structure. The SiOC film with the C = O bond
has various properties from hydrophobic to hydrophilic
because the carbon atom decreases the polarization due
to the interaction between the hydrophobic properties
of CH bond and the hydrophilic properties of OH bond
in Si-O network chain [11]. Moreover, the C-H bond
elongation effect also reduces the ionic polarization in
SiOC film [12-14]. In this research, the chemical properties of SiOC film and SiO2 film were analyzed by using
Fourier transform infrared (FTIR) spectromet. In this
paper, we discussed the mechanism of the SiOC film’s
formation. Also, we discuss the correlation between the
dielectric constant and the chemical properties of the
SiOC films.
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Fig. 1. (a) FTIR spectra of SiOC and SiO2 films. (b)
Analysis about the FTIR spectra of SiO2 film.

Fig. 2. (a) FTIR spectra for main bond of hydrophilic
SiOC film. (b) FTIR spectra for main bond of hydrophobic
SiOC film.

II. EXPERIMENT

III. RESULT AND DISCUSSIONS

The low-k SiOC films were deposited with a mixture
of oxygen and bistrimethylsilylmethane (BTMSM) precursors by using an inductively coupled plasma chemical
vapor deposition (ICP-CVD) method. The BTMSM was
vaporized using a thermostatic bubbler at 40 ◦ C and was
carried by argon gas. To prevent the re-condensation of
the BTMSM vapor, we heated all the gas delivery lines
and kept them at a constant temperature of 40 ◦ C. A
high-density plasma of about 1012 cm−3 was obtained at
a low pressure with an rf power of 300 W, and a base pressure of ∼10−5 Torr was obtained for each experiment.
The samples were annealed at 500◦ . The detailed experimental procedure of deposition and characterizations has
been published elsewhere [8]. The chemical properties of
SiOC films and SiO2 film were analyzed by using FTIR
spectroscopy. The dielectric constant was conventionally
determined from the capacitance by using a metal/SiOC
film/silicon metal-insulator-semiconductor (MIS) structure.

FTIR spectra can be used to distinguish between organic chemical reactions and to segregate them into different functional groups based on their chemical properties. The SiO2 film (εr = 4.0) is generally used as an
insulator in semiconductor devices, and the SiOC film is
an organic-inorganic hybrid-type material used as low-k
material in ILD (inter layer dielectric). In order to research the origin of the bond formation in SiOC film,
we compared the SiOC and the SiO2 films by using the
FTIR spectra in the wavenumber region from 600 cm−1
to 3500 cm−1 and investigated the correlation between
the molecular vibration modes and the chemical properties of both films.
Figure 1(a) shows the FTIR spectra of the SiOC and
the SiO2 film. The SiOC thin film with a flow rate ratio
of O2 /BTMSM = 0.18 displayed the Si-H bond at 2110
cm −1 and C-H stretching made near 2900 cm−1 . However, the SiO2 film and the SiOC film with a flow rate
ratio of O2 /BTMSM = 3.0 do not exhibit these peaks.
Figure 1(b) shows the FTIR spectrum in a narrow
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Fig. 4. (a) Variation of the peak intensity in the range
of 700 ∼ 950 cm−1 of SiOC film with hydrophilic properties.
(b) Variation of the peak intensity in the range of 700 ∼ 950
cm−1 of SiOC film with hydrophobic properties.

Fig. 3. (a) FTIR spectra for the full range of 600 ∼ 3500
cm−1 . (b) FTIR spectra for the main bond of 950 ∼ 1300
cm−1 . (c) FTIR spectra in the low range of 700 ∼ 950 cm−1 .

range of the wavenumber region from 650 cm−1 to 1300
cm−1 for the SiO2 film. The Si-O bond appears at 1250
cm−1 , the Si-O-Si bond at 1108 cm−1 , the Si-O-Si bond
at 970 cm−1 , the Si-OH bond at 880 cm−1 , the silica
bond of 820 cm−1 and the meta-silicate bond at 740
cm−1 [7,8,11]. Especially, the broad peak at 835 ∼ 1050
cm−1 consists of the Si-OH bond and Si-O-Si bond; however, the FTIR spectrum shows that the Si-O-Si peak at
970 cm−1 and Si-O-Si peak at 1108 cm−1 are clearly
separated.

Figure 2(a) shows the FTIR spectra of the SiOC film
prepared with a flow rate ratio of O2 /BTMSM = 3.0.
The peaks at 970 cm−1 and 1250 cm−1 were very weak
or almost disappeared. The broad of Si-O-C peak from
950 cm−1 to 1250 cm−1 looks like a combination of the
Si-O-Si bond at 1108 cm−1 , and the Si-O-Si bond at 970
cm−1 in the SiO2 film. The peak in the wavenumber
region of 700 ∼ 950 cm−1 consists is due to Si-C, CO, and Si-O bonds. The combination of these bonds
makes the broad Si-O-C band. The bond energy of Si-O
is 406 kJ/mole, and that of C-O is 358 kJ/mole. The
Si-O bonding cross network in these bonds can improve
the mechanical properties of the SiOC film by increasing
adhesion to the substrate.
Figure 2(b) shows the FTIR spectra of the SiOC film
deposited with a flow rate ratio of O2 /BTMSM = 0.18.
In the spectra, Si-CH3 bond appears at 1250 cm−1 and
the Si-O-C bond appears in the wavenumber range between 950 and 1150 cm−1 , and consists of the C-O and
Si-O bonds. In the wave number range below 950 cm−1 ,
the peak at 660 ∼ 950 cm−1 due to the Si-O-C bond
of is broader than that due to the Si-O-C bond in the
range of 700 ∼ 950 cm−1 for the SiOC film prepared
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Fig. 5. (a) Bond formation in the ranges of 950 ∼ 1350 cm−1 . (b) Bond formation in the range of 700 ∼ 950 cm−1 .

with O2 /BTMSM = 3.0; and the intensity is also higher.
These facts clearly indicate that the SiOC film prepared
at a flow rate ratio of O2 /BTMSM = 0.18 is much more
hydrophobic, as shown in Fig. 1(a).
Figure 3(a) shows the FTIR spectra of SiOC films for
various flow rate ratios. The films had almost similar
bonding structures except for the SiOC film with a flow
rate ratio of O2 /BTMSM = 0.18. Most IR peaks are observed in the low wavenumber less than 2000 cm−1 . However, the FTIR spectra of the SiOC film with the flow
rate ratio of O2 /BTMSM = 0.18 shows the conventional
properties of organic compounds, in which the IR peaks
exists over the full range of wavenumber. Figure 3(b)
shows various bonding configurations in the wavenumber region between 950 and 1300 cm−1 , and a chemical
shift is seen in the main bonds. A red shift was observed

as shown in Fig. 3(b), for the SiOC film prepared with
a flow rate ratio of O2 /BTMSM = 1.22. Especially, the
SiOC thin film with O2 /BTMSM = 1.22 had a higher
intensity than that of any other sample, and had a sharp
Si-CH3 peak at 1250 cm−1 . This sharp Si-CH3 peak originates from the recombination of many dissociated sites
due to the high density plasma density. That is, the
union of the dissociated Si-O and CHn (n = 1, 2, 3, . . . )
sites becomes the O-Si-CH3 bond. There is a difference
between the Si-CH3 bond due to recombination and the
Si-CH3 bond as a precursor molecule. When each bond
of a precursor molecule does not fully dissociated, the SiCH3 peak near 1250 cm−1 becomes high with a strong
intensity in the FTIR spectrum as far the SiOC film with
a flow rate ratio O2 /BTMSM = 0.18, shown in Fig. 3(a)
[11]. However, the Si-CH3 peak near 1250 cm−1 , owing
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to a recombination of dissociated sites, displays a small
sharp peak, as do SiOC films with 0.33 ≤ O 2 /BTMSM
≤ 1.86. Moreover, the Si-CH3 peak near 1250 cm−1 decreases with increasing oxygen flow rate, and the SiOC
films with O2 /BTMSM > 1.86 do not exhibit the Si-CH3
peak near 1250 cm−1 .
Figure 3(c) shows the FTIR spectra for wavenumbers
below 950 cm−1 . There are many difference between
O2 /BTMSM ≥ 1.22 and O2 /BTMSM < 1.22, and the
intensities of the Si-C (740 cm−1 ), C-O (820 cm−1 ), and
Si-O (884 cm−1 ) peaks changed with the flow rate ratios. The intensity of the Si-O-C peak (740 ∼ 950 cm−1 )
increased with decreasings the oxygen flow rate ratio,
but that for the SiOC film prepared with a flow rate of
O2 /BTMSM = 1.0 decreased abruptly. This means that
the chemical properties of the SiOC film vary and that
the chemical reaction for O2 /BTMSM < 1.0 is different
from that for O2 /BTMSM > 1.0. Moreover, the chemical shift is largest for the SiOC film with O2 /BTMSM
= 1.22, as shown in Fig. 3(b).
Figure 4(a) shows Si-O-C peak (740 ∼ 950 cm−1 ) for
the SiOC films with a flow rate ratio of O2 /BTMSM ≥
1.22. The intensity of the Si-C (740 cm−1 ) peak does not
change with varying flow rate. However, the C-O (820
cm−1 ) and the Si-O (884 cm−1 ) peaks increase with decreasing oxygen flow rate ratios. In the case of the Si-O-C
peak below 950 cm−1 for the SiOC films prepared with
a flow rate ratio of O2 /BTMSM < 1.22, as shown in Fig.
4(b), the Si-O (884 cm−1 ) peak decreases abruptly and
then does not change in spite of the varying flow rate
ratio. Only the C-O (820 cm−1 ) peak increases with decreasing oxygen flow rate. From these results, the SiOC
films can be divided into three types according to the
bond formation. The SiOC films deposited with the flow
rate ratio of O2 /BTMSM < 1.22 were of a hydrophobic
type in which the C-O (820 cm−1 ) bond is dominant.
The SiOC films with O2 /BTMSM = 1.22 is a hybrid
type, in that the Si-O (884 cm−1 ) bond is dominant. On
the other hand, SiOC films prepared with O2 /BTMSM >
1.22 is a hydrophilic type, in which the Si-C (740 cm−1 )
bond is dominant.
Figure 5 shows the main bonding configuration of the
SiOC film in the wavenumber region between 950 and
1350 cm−1 and in the low wavenumber range from 700 to
950 cm−1 . The chemical shift of the main peak at 950 ∼
1350 cm−1 is related to the peak splitting near 800 cm−1
in the 700 ∼ 950 cm−1 peak. The peak splitting is due
to the dissociation of the alkyl group and recombination.
From Fig. 5(a) in the range from 950 and 1350 cm−1 ,
the hybrid type SiOC film with O2 /BTMSM = 1.22 had
its main Si-CH3 broad band near 1250 cm−1 because the
C=O bond attached by the Si atom transforms into a CO bond and is localized. THe SiOC films with 1.22 <
O2 /BTMSM changed to exhibit the Si-CH3 peak near
1250 cm−1 and the right shoulder on this peak increased
with increasing oxygen flow rate, but the band width
decreased. The peak corresponding to the right shoulder
is 1108 cm−1 , the same as the Si-O-Si peak of the SiO2

Fig. 6. Dielectric constant of as-deposited and annealed
SiOC films prepared at various flow rate ratios.

film as shown in Fig. 2(a). We confirmed that the SiOC
film with hydrophilic properties becomes similar with the
SiO2 film.
Figure 5(b) is the FTIR spectra of SiOC films in the
low wavenumber range from 700 to 950 cm−1 . In view of
the bond formation, Si-C, C-O and Si-O bonds, the FTIR
spectra of SiOC films with hydrophilic properties for flow
rate ratios of 1.86 ≤ O2 /BTMSM < 3.0 are similar to
those of SiO2 film as shown in Fig. 2(a). The SiOC
film with O2 /BTMSM = 1.22 relatively displays a higher
Si-O peak than any other samples. From these results,
we know that the SiOC films have various properties
between the hydrophilic and the hydrophobic properties
of different polarities, so the FITR spectra can easily
divided based on those properties.
Figure 6 shows the dielectric constant of the asdeposited and the annealed SiOC films prepared with
various flow rate ratios. The dielectric constant decreased
due to the H2 O evaporation during the annealing process. A hybrid SiOC film with hydrophobic and hydrophilic properties was formed due to a lowering of the
polarization. Lowering the polarization decreases the dielectric constant of the SiOC film. The lowest dielectric
constant, 2.1, was obtained for the annealed SiOC film
with a flow rate ratio of O2 /BTMSM = 1.22, which was
a hybrid-type film. The hybrid type SiOC film has not
only stability but also good adhesion due to increased
number of Si-O bonds. Therefore, hybrid type SiOC film
is suitable for use as a low-k material.

IV. CONCLUSIONS
SiOC thin films were prepared with various flow rate
ratios by using the CVD technique. After the film deposition, post annealing was carried out in order to vary
the bonding rearrangements within the SiOC thin film.
The SiOC films can be divided into three types, namely,
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there with hydrophilic, hybrid, and hydrophobic properties. The hybrid type originates from a lowering of the
polarization due to the chemical interaction between the
hydrophobic properties of the C-H bond and hydrophilic
properties of the -OH bond in the Si-O network. Therefore, the non-polarization of the hybrid-type SiOC film
due to the lower polarity induces an ideal amorphous
structure and thus decreases the dielectric constant of
the film. In the range of 900 ∼ 1150 cm−1 , the SiO2 film
has two split Si-O-Si bonds, but the SiOC film has one
bond, the Si-O bond. The bond intensity at 1250 cm−1
in the SiOC film is decreased in spite of the strong peak in
the SiO2 film, because of a recombination with the Si-O
bond near 1000 cm−1 after the dissociation of the Si-CH3
bond at 1250 cm−1 . The final material was a SiOC thin
film with various chemical bonding natures. Thus, the
SiOC thin film showed various bonds in the range of 640
∼ 950 cm−1 and 950 ∼ 1300 cm−1 for different flow rate
ratios. Especially, the bonds in the range of 640 ∼ 950
cm−1 could be easily classified as the chemical bonds of
the SiOC thin film.
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