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This study was focused on two different systems of low-dielectric-constant SiOC films, which were
deposited by using capacitively coupled chemical vapor deposition (CCP-CVD) and inductively
coupled chemical vapor deposition (ICP-CVD). The understanding of a low dielectric constant is
an important issue in SiOC films. Reduction of the dielectric constant resulted from decreasing
the thickness due to ionic and electronic polarization. The dielectric constants of SiOC films were
decreased by the ionic polarization effect. The electronic polarization effect obtained from the
refractive index was the difference between samples deposited by using CCP-CVD and ICP-CVD.
The refractive index of SiOC film deposited by using CCP-CVD was proportional to the thickness,
but the refractive index of SiOC films deposited by using ICP-CVD was not related to the thickness.
Because the dissociation energy differed according to the systems, the relative contribution of the
electronic polarization varied.
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I. INTRODUCTION
Common dielectric layers are widely used with SiO2 .
Spin-on-glass (SOG) and chemical vapor deposition
(CVD) O3 -TEOS processes for SiO2 have been used in
the semiconductor industry. For applications in ultralarge-scale integration inter-metal dielectrics (IMDs), the
current gate silicon dioxide (SiO2 ) film will need to be
replaced with a material possessing a low dielectric constant (low-k), because there are some problems in wafer
fabrication, such as increasing noise, cross talk, signal delay and so on [1–3]. It is well known SiOC film as low-k
materials are made by using the chemical vapor deposition (CVD) and the spin-on coating deposition (SOD)
and that the reduction in dielectric constant originates
from the pores in the films or from the decreased the polarization. The film based on SOD involves many pores
due to the polymerization, which decreases the dielectric
constant. However, this film has some problem, such as
mechanical properties in spite of the low dielectric constant because of pores. The structure with pores not only
has poor electrical properties, such as scattering near the
boundary and space charge, but also has poor mechanical properties with high roughtness. On the other hand,
SiOC films produced in a CVD system have limited replacement of O atoms by the less polarizable C atoms
[4–6], so the dielectric constant is decreased by the ef∗ E-mail:

fects of C introduction into the Si-O networks in this
film. The introduction of carbon in the form of methyl
groups in silicon dioxide creates a more open structure,
thus making a linked amorphous structure. Moreover,
the lower dielectric constant of the SiOC film due to
the low dipole and ionic polarization induces a flat surface for good mechanical properties [7–9]. There are two
kinds of CVD systems for SiOC films, such as capacitively coupled chemical vapor deposition (CCP-CVD)
and inductively coupled chemical vapor deposition (ICPCVD). The SiOC film deposited by using ICP-CVD had
more ion bonds than deposited by using CCP-CVD. Especially, the SiOC film by using CCP-CVD did not dissociate the Si-CH3 bond due to the low electron density
of plasma energy. The Si-CH3 bond originates from the
porosity and decreases the dielectric constant. Decreasing the dielectric constant is an important issue in SiOC
films, and the variation of the structure of the films can
generally explain the decrease in the dielectric constant
[10–15].
SiOC films were deposited by using CCP-CVD and
ICP-CVD systems for this study. The chemical-electrical
properties were analyzed by using the FTIR spectra and
an ellipsometer. Then, the differences in the chemical
reactions of SiOC films deposited by using the CCP-CVD
and the ICP-CVD systems were studied.

II. EXPERIMENT
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The SiOC films were obtained by using capacitively
coupled chemical vapor deposition (CCP-CVD) and
inductively coupled chemical vapor deposition (ICPCVD). The used precursor was bistrimethylsilylmethane
(BTMSM) or methyltrimethoxysilance (MTMS). These
precursors were carried into the plasma chamber with
oxygen during the deposition. SiOC films were deposited
by using the CCP-CVD system of Applied Materials
Corporation (Precision 5000). The system is located at
Chungbuk Techno-Park Foundation Semiconductor Test
Center. The other SiOC films were generated by ICPCVD with the KVF-R20 system at Korea Vacuum System. The SiOC films deposited by using CCP-CVD were
addressed in a previous paper [16]. For the deposition
of the SiOC film by using ICP-CVD with MTMS and
oxygen mixed precursor, the chamber was pumped by
using turbo and oil pumps to a base pressure of 0.3 Torr.
The precursor was vaporized and carried with inert Ar
gas from a thermostatic bubbler maintained at 35 ◦ C.
The rf power supply was fixed at 800 W in each experiment. In order to prevent condensation of the precursors are heated the gas delivery line at a temperature of
35 ◦ C, and are kept the bubble system at a temperature
of 35 ◦ C. The chemical and the mechanical properties
of the films were measured by using a Fourier transform
infrared spectrometer (FTIR, Jasco4000). The currentvoltage characteristics were measured using a HP 4155A
semiconductor parameter analyzer at 1MHz for a MIS
(Al/SiOC film/Si) structure. The thickness of the deposited films was measured by using an ellipsometer. To
obtain the dielectric constant are thermally evaporated
circular patterns with a diameter of 400 µm of Al metallization.

III. RESULT AND DISCUSSIONS
Figuer 1(a) shows the FTIR spectra of SiOC film deposited by using ICP-CVD at various flow rate ratios.
The FTIR spectra of the main bonds in the range of 925
∼ 1225 cm−1 are similar. In the low range of 650 ∼ 950
cm−1 , all of the samples have a peak at 890 cm−1 .
Figure 1(b) show the correlation between the dielectric
constant and the thickness. The dielectric constant is
proportional to the trend of thickness. The reason for
the decreasing dielectric constant in the SiOC film is the
reduced thickness.
Figure 1(c) displays the correlation between the dielectric constant and the refractive index. The refractive
index is inversely proportional to the dielectric constant
of the SiOC film at various flow ratios.
Figure 2(a) shows the FTIR spectra of SiOC films deposited at various flow rate ratios by using CCP-CVD.
The range of 940 ∼ 1200 cm−1 is the Si-O-C bond, the
peak at 1260 cm−1 is the Si-CH3 bond, and the range
of 700 ∼ 940 cm−1 is alkyl sites. The main bond of 940
∼ 1200 cm−1 of the SiOC film deposited by using CCP-

Fig. 1: SiOC films with various flow rate deposited ratios by using ICP-CVD: (a) FTIR spectra of SiOC films
with various flow rate ratios, (b) correlation between the
dielectric constant and the thickness, (c) correlation between the dielectric constant and the refractive index.

CVD seems to have a composition with two bonds, in
spite of the one-bond formation in SiOC film by using
ICP-CVD. The main bond of the SiOC film, 940 ∼ 1200
cm−1 , consists of C-O and Si-O bonds. The increasing
Si-O bond on the right shoulder and the existence of a
strong Si-CH3 bond at 1260 cm−1 means that the precursor was not fully dissociated by the low plasma energy
in the CCP-CVD system.
Figure 2(b) shows the correlation between the thick-
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Fig. 3:
Comparison of the FTIR spectra of
SiO2 films and SiOC films deposited by using
ICP-CVD
and
CCP-CVD,
respectively.

Fig. 2: SiOC film with various flow rate ratios deposited
by using CCP-CVD: (a) FTIR spectra of SiOC films
with various flow rate ratios, (b) correlation between
the thickness and the refractive index, and (c) correlation between the thickness and the dielectric constant.

ness and the refractive index. The refractive index is
proportional to the thickness. Figure 2(c) is the correlation between the thickness and the dielectric constant.
The dielectric constant is approximately proportional to
the thickness. The dielectric constant decreased with
decreasing thickness.
Figure 3 shows a comparison of the FTIR spectra for
SiO2 film and SiOC films deposited by using the ICPCVD and the CCP-CVD systems. The SiOC film and

the SiO2 film have similar properties of insulators for
use as inter-layer dielectric constant materials. The SiCH3 bond is at 1270 cm−1 , the Si-O-C bond is near 1000
cm−1 , and the alkyl sites are in the low range under 940
cm−1 . The Si-O-C bond near 1000 cm−1 is composed
of C-O bonds and Si-O bonds. All the samples have
the common peaks at 1100 cm−1 and 1260 cm−1 . SiOC
films deposited by using ICP-CVD and CCP-CVD in the
range of 950 ∼ 1200 cm−1 has Si-O-C bonds as one bond,
in spite of the SiO2 film is having two bonds. The SiO2
film has various bonds with peaks at 740, 815, 890, and
965 cm−1 . In the range of 700 ∼ 950 cm−1 , the SiO2
film has various bonds with peaks at 740, 815, and 890
cm−1 . However, the SiOC film deposited by using CCPCVD has one broad bond but the SiOC film deposited
by using ICP-CVD has a broad bond near 800 cm−1 and
a small bond at 890 cm−1 . The bond split in the range
of 700 ∼ 950 cm−1 originates form the high plasma dissociation energy. Therefore, it can be induced that the
SiOC film deposited by using ICP-CVD is fully dissociated. The difference in the plasma dissociation energy
leads to results such as the variation in the trends of the
refractive index according to the deposition system.
Figure 4(a) shows the FTIR spectra at 900 ∼ 1300
cm−1 . The Si-O-C bond near 1000 cm−1 was shaped differently for the ICP-CVD and the CCP-CVD systems.
The intensity of the Si-CH3 bond for the CCP-CVD system was higher than that for the ICP-CVD system. The
Si-CH3 bond for the CCP-CVD system has a peak at
1260 cm−1 and that for the ICP-CVD system is at 1272
cm−1 . This means that the SiOC film deposited by using
ICP-CVD is stronger than that by CCP-CVD. The main
bond size for the ICP-CVD system is also broader than
that for the CCP-CVD system. The peak of the main
bond for the ICP-CVD system is at 1094 cm−1 , and that
for the CCP-CVD system is at 1103 cm−1 . That is, SiOC
film deposited by using ICP-CVD shows a red shift. The
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Figure 4(b) shows the FTIR spectra in the low range
of 650 ∼ 950 cm−1 . The R2 SiH2 bond at 890 cm−1
for the ICP-CVD system cannot be found for the CCPCVD system. The peaks at 720 cm−1 and 778 cm−1 for
the ICP-CVD system move to higher frequencies at 737
cm−1 and 780 cm−1 for the CCP-CVD system. Figure
4(c) shows that peaks at 775 cm−1 and 799 cm−1 for the
ICP-CVD move to high frequenies at 797 cm−1 and 806
cm−1 for the SiOC film by CCP-CVD system. The dissociation and recombination of ions in SiOC films were
different for the ICP-CVD and the CCP-CVD systems,
so the electronic polarizations obtained from the reflective index were different.

IV. CONCLUSIONS
The SiOC film is composed of a Si-O-C backbone, and
terminal Si-CH3 bonds are substituted by oxygen atoms
or elongated by highly electronegative oxygen. The final
SiOC films had various chemical properties because of
the differences in the polarizablities due to the regeneration rates of OH or CH groups. To analyze the structural
mechanism and the reason for the reduced dielectric constant of SiOC films, we researched the various properties
of the deposited samples, such as the chemical properties, the thickness and the dielectric constant by using a
FTIR spectra and ellipsometry. The dielectric constant
of the SiOC film was due to the reduced the thickness.
Therefore, the thickness was proportional to the dielectric constant. However, the trends of the refractive index
were different between the ICP-CVD and the CCP-CVD
systems because of the plasma density generated during
the deposition process. The refractive index of films deposited by using the CCP-CVD system with a weaken
dissociation energy followed the thickness, but those deposited by using the ICP-CVD system did not follow the
thickness. That is, the SiOC film with the lowest dielectric constant had the highest refractive index.
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