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The SiOC film was deposited through a dissociation and recombination of a mixed bistrimethylsilylmethane and oxygen precursor by using plasma energy. The mixed precursor consisted of organic
bistrimethylsilylmethane and inorganic oxygen. The final chemical properties of the SiOC film were
divided into three types, organic, hybrid, and inorganic types, because there is the hybrid type with
no polarity between the alkyl group of CHn (n = 1, 2, 3, · · ·) sites and the hydrophilic group of
OH sites. From the results obtained by peak indexing using X-ray photoelectron spectroscopy and
Fourier Transform Infrared spectroscopy, the chemical properties of the hybrid and the inorganic
types were similar. The current-voltage (I-V) measurements on a pentacene-channel field-effect
transistor based on the SiOC film displayed good conductivity for the hybrid-type SiOC film, but
the films of the other types showed poor conductivity because the leakage current increased with
increasing polarization of groups, such as CH or OH groups.
PACS numbers: 61.72.Mm, 61.82.Fk, 51.70.tf
Keywords: C 1s electron orbital spectra, Leakage current, SiOC film, Chemical shift

constant [4,10].
One of the important steps towards understanding and
control of the properties of bonding structures is to determine of the nature of the C-H bonds in the SiOC
films. In the FTIR spectra, the shift of the stretching
mode frequency to lower values has been attributed to
a decrease in the force constant of the C-H bond, and
the C-H stretching mode frequency is influenced by the
electronegativity of the oxygen atoms or by the alkyl
group. The increase in electronegativity caused by oxygen atoms induces a change in the electron distribution
about the C atom, leading to an elongation of the C-H
inter-atomic distance, and thus decreasing the effective
force constant [11,12]. However, increasing the number
of alkyl groups increases the electron distribution about
the Si atom, leading to a shortening of the Si-H or the
C-H interatomic distance in the SiOC film, so the final
materials are SiOC film with pores formed by the repulsive force between alkyl groups. Therefore, the bonding
structures must be classified by the chemical shift of the
Si-O-C vibration mode in the SiOC film because of different interactions of the C-H bond.
The SiOC film is categorized into two groups based
on the composition. One has the C-C structure, and the
other has the Si-O structure, where the dangling bonds
are terminated by -CH3 radicals during the CVD deposition. Many researchers reported three variations of the
dielectric constant according to the flow ratios [13–15].

I. INTRODUCTION
Ultra large scale integration for semiconductor devices
requires new materials, such as low-k films and cupper instead of SiO2 films and aluminum because of increasing cross-talk noise, power consumption, and signal delay. The SiOC film is known to be a promising low-k materials, and the SiOC film can be made
by using spin-on coating deposition (SOD) [1] or chemical vapor deposition (CVD). There have been many
reports on SiOC films based on chemical vapor deposition (CVD) using precursors such as trimethylsilane (TMS), bistrimethylsilylmethane (BTMSM, black
diamond), methyltrimethoxysilance (MTMS, aurora),
tetramethyltetracyclo siloxanes (TMCTS, coral), etc.
[2–5]. Low-k materials have the advantage of potentialities as gate insulators of organic-transistors, so many
researchers have been interested in SiOC films as low-k
materials [6–10]. The reduction in the dielectric constant
of the SiOC film is due to reducing the number of pores
in the films or decreasing the polarization. The pores
in the SiOC film can lead to several serious problems in
view of the mechanical and the electrical properties and
thermal stability. Therefore many researches want to
make SiOC films with an amorphous bonding structure
to lower the polarization and to decrease the dielectric
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Fig. 1. (a) FTIR spectra of SiOC films with various flow rate ratios, (b) Narrow FTIR spectra of Si-CH3 bond from 1185
cm−1 to 1285 cm−1 and (c) Chemical shift in the Si-O-C bond and Si-CH3 bond of the band from 975 cm−1 to 1270 cm−1 .

The chemical shift variation and the carbon content in
the SiOC film are important elements for understanding
the reduction in the dielectric constant of the SiOC film.
This paper describes the structural changes in SiOC films
under conditions of increasing flow rates of BTMSM precursor in order to control the arrangements of the various
units within the hybrid net-work.

II. EXPERIMENT
The carbon doped silicon-oxide films were obtained
with mixed gases of oxygen and bistrimethylsilylmethane
(BTMSM) by using chemical vapor deposition. The precursor of bistrimethylsilylmethane was purchased from
the Applied Materials Corporation. The deposition was
done at a substrate temperature at 100 ◦ C for 10 sec.
The BTMSM was vaporized and was them carried by
argon gas at 35 ◦ C from a thermostatic bubbler. The
carbon-doped silicon-oxide films were prepared by using
various flow rate ratios of the BTMSM precursor, but the
oxygen gas flow rate was 60 sccm. The base pressure was

3 Torr, and the rf power was 450 W in each experiment.
The pentacene was deposited on the carbon doped silicon oxide film by thermal evaporation at a base pressure
about 1 Torr. The substrates were held at 80 ◦ C and the
pentacene was deposited at 0.1 ∼ 0.3 nm/s, with a final
average thickness of 40 nm.
The chemical shift was researched by using a Fourier
Transform Infrared spectrometer (FTIR, Galaxy 7020A),
and the surfaces of the films were measured using the
scanning electron microscope (SEM, HITACHI S-4200)
and X-ray photoelectron spectroscope (XPS, ESCALAB
210). The bonding structure was defined from the correlation between the FTIR spectra and the XPS analysis.
The current-voltage characteristics were measured using
a HP 4155A semiconductor parameter analyzer at 1 MHz
and the MIS (Al/SiOC/Si) structure.

III. RESULT AND DISCUSSIONS
Figure 1(a) shows the FTIR spectra with various flow
rates of the mixed BTMSM precursor and O2 . The Si-
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Fig. 2. XPS spectra of SiOC films for various flow rate ratios: (a) Si 2p electron orbital spectra, (b) C 1s electron orbital
spectra and (c) O 1s electron orbital spectra.

Fig. 3. Pentacne channel field effect transistor with a SiOC
gate insulator.

O-C bond of 975 ∼ 1190 cm−1 , the Si-CH3 peak of 1190
∼ 1270 cm−1 and the Si-CH3 peak near 2350 cm−1 are
observed. The Si-CH3 peak near 2350 cm−1 is due to
the BTMSM precursor, which does not dissociate. The
SiOC film deposited by using high-density ICPCVD (inductive couple chemical vapor deposition) does not have
the Si-CH3 peak near 2350 cm−1 [13]. Figure 1(b) shows
the narrow FTIR spectra of the Si-CH3 bond from 1185
cm−1 to 1285 cm−1 . The peak position of samples B27
∼ B30 is at 1261 cm−1 , but those of B23 ∼ B25 are at
1255 cm−1 and 1264 cm−1 . Samples B23 ∼ B25 have

relatively larger oxygen contents. The Si-CH3 group is
dissociated by the nucleophilic attack of oxygen and becomes a Si-O-CH3 bond. The Si-O-CH3 bond is weaker
than the Si-CH3 bonds; therefore, the peak position is
split or shifted to low frequency, which is called a red
shift in the FTIR spectrum. Figure 1(c) describes the
chemical shift in the Si-O-C bond and the Si-CH3 bond
of the band from 975 cm−1 to 1270 cm−1 . The Si-O-C
bond of 975 ∼ 1190 cm−1 consists of the Si-O bond and
the C-O bond. The peak near 1030 cm−1 is the Si-O
bond, and the peak near 1120 cm−1 is the C-O bond,
which is related with the chemical shift [10, 11]. The
chemical shift is clearly seem to the samples B25, B26,
and B27. The shift of the C-O bond to lower frequency
is attributed to an increase in the C-H bond’s distance
because of the neighboring highly electronegative oxygen
atom. Samples B23 ∼ B25 have red shifts due to an elongation of the C-H bond, but samples B27 ∼ B30 have a
blue shift due to a condensation of the C-H bond with
increasing BTMSM flow rate. The chemical shift of the
C-H bond in the SiOC film is important for defining the
hybrid properties shown in the range of abrupt variation
from a red shift to a blue shift. The strong σ bond of
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Fig. 4. Characteristic ID -VD properties for the samples B23 ∼ B30: (a) B23 sample with BTMSM = 23 sccm, (b) B24
sample with BTMSM = 24 sccm, (c) B25 sample with BTMSM = 25 sccm, (d) B27 sample with BTMSM = 27 sccm, (e) B28
sample with BTMSM = 28 sccm, (f) B29 sample with BTMSM = 29 sccm and (g) B30 sample with BTMSM = 30 sccm.
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the C-H bond has many electrons but the weak bond of
the C-H bond with σ ∗ bond is due to an electron deficient group. In carbon based SiOC films, the σ ∗ bond of
the C-H bond originates from the low electron density of
the C-H bond with a neighboring highly electronegative
oxygen atom with increasing oxygen flow rate while the
BTMSM and O2 mixed gases are dissociated and regenerated by the plasma energy. The formation of the σ ∗
bond of the C-H bond is associated with a nucleophilic
attack reaction and induces a chemical shift in FTIR
spectrum. These chemical-shift effects of the C-H bond
are clearly defined by an analysis of the bonding energy
between atoms.
Figure 2 shows the XPS spectra of SiOC films for various BTMSM flow rates. Figure 2(a) is the Si 2p electron
orbital spectra of the SiOC films. The Si 2p electron
orbital spectra are also divided into two groups. Samples B23 ∼ B26 have a cross-link amorphous structure
due to the lower polarization because of the elongation of
the C-H bond, but samples B27 ∼ B30 have a cross-link
breakage structure with pores due to condensation of the
C-H bond. The Si 2p peak position shifts to higher frequency with increasing BTMSM flow rate, where means
that the cross-link amorphous structure is stronger than
the cross-link breakage structure because the cross-link
amorphous structure originates from the ionic bonding.
The C 1s electron orbital spectra of Figure 2(b) and the
O 1s electron orbital spectra of Figure 2(c) are the same
result as for Si 2p in Figure 2(a). The peaks of samples
B23 ∼ B26 are also higher than those of samples B27 ∼
B30.
Figure 3 shows the pentacene-channel field-effect transistor with a SiOC gate insulator. The devices were
prepared on various SiOC insulators, and the electrical
properties were measured.
Figure 4 shows the drain current and drain voltage
characteristics for samples B23 ∼ B30. Figures 4(a),
4(b), 4(f) and 4(g) show poor electrical properties as
transistors, but the samples of Figures 4(c), 4(d) and
4(e) display I-V characteristics. Especially, Figure 4(d)
for sample B27 shows improved electrical properties as
a transistor. The electrical properties are associated
with the growth of pentacene molecules. Pentacene
molecules grow in a nonuniform way with hydrophobic
or hydrophilic properties. The nonuniform formation of
pentacene molecule causes grain boundaries, which scatter the flow of electron currents. However, the surface
with lower polarity helps the pentacene molecule grow
perpendicularly. The SiOC film B27 shows hybrid properties with low polarity, and the surface energy of this
film increases due to the weak boundary condition. Finally, the current increased for sample B27 with perpendicular growth of pentacene molecules due to the strong
surface energy. From these results, the electrical properties of the SiOC films can be divided into three types,
inorganic, hybrid, and organic depending on the surface
energy formed during the deposition by CVD. The SiOC
films of the inorganic and the organic types show voltage

shifts, but the SiOC films of the hybrid type do not. The
voltage shift is associated with space charges due to vacancies and is related to the polarization. On the other
hand, the hybrid-type SiOC film B27 has good electric
properties as an insulator without space charges. The
C-H bond elongation decreases the polarization in the
film and induces the amorphous bonding structure, that
is necessary for a low-k material.

IV. CONCLUSIONS
The Si-O-C vibration mode frequency shift occurring
due to the presence of oxygen atoms in the neighborhood of a C-H bond has been discussed. SiOC films
have two bonding structures, a cross-link structure and a
cross-link breakage structure, depending on their chemical properties. SiOC films with a cross-link structure
show higher binding energy in the Si 2p, the C 1s, and
the O 1s electron orbital spectra than those with a crosslink breakage structure. The oxygen atom weakens the
C-H bond strength and causes the cross-link structure.
The XPS spectra proved that the surface energy of the
cross-link structure was higher for a weak boundary condition. However, the SiOC films had three types of electrical properties, organic, hybrid, and inorganic properties. An organic field-effect transistor using a SiOC film
as a gate insulator displayed good electrical properties
for a SiOC film with hybrid type properties.
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