Journal of the Korean Physical Society, Vol. 45, No. 3, September 2004, pp. 705∼708

Comparison of the Nano-Structure due to C=O and C=C Double Bond
Teresa Oh∗
Research Institute of Advanced Technology, Cheju National University, Jeju 690-756

Kwang-Man Lee and Kyung Sik Kim
Faculty of Electrical and Electronic Engineering, Cheju National University, Jeju 690-756

Chi Kyu Choi
Department of Physics, Cheju National University, Jeju 690-756
(Received 28 November 2003, in final form 31 March 2004)
Organosilicate film and fluorinated amorphous carbon film have been deposited by inductively
coupled plasma chemical vapor deposition with the precursor of carbon composition. The conjugated C=O and C=C double bonds in synthetic organic chemistry are very important to obtain the
cross-link bonding structure of sp3 carbon. For low-dielectric materials, the cross-link structure is
also one of the reasons that the films have low dielectric constant and good adhesion. Organosilicate
film of organic-inorganic hybrid type shows the chemical properties due to a C=O double bond. On
the other hand, fluorinated amorphous carbon film of organic type shows the chemical properties
due to a C=C double bond. The difference between C=O bond and C=C bond of these films is
defined by Raman and FTIR spectra.
PACS numbers: 77.22.-d, 77.55.+f, 77.84.-s
Keywords: SiOC films, a-C : F films, sp3 carbon, C=O double bond, C=C double bond.

I. INTRODUCTION

the SiOC film has both the low dielectric behavior of
organic films and good adhesion of inorganic films. According to the flow-rate ratio, the bonding structure of
SiOC film becomes the stable cross-link structure due
to an organo-metallic carbon of sp3 or the cross-link
breakdown structure due to an organic carbon of sp2
[12]. The bonding structure of low-k materials is one of
the reasons to decrease the dielectric constant. Therefore the analysis of atomic-level bonding structure must
not only consider the forces due to atoms close to the
absorption-active sites, such as free radicals and unstable fragments trapped in the as-deposited films, but also
influence the evolution of the growth process. The nanointerface physics based on the potentials of the atomatom interface is relevant to the understanding of the
first states of the growth process, such as the macrointerface physics. The macro-interface physics of lowk materials accounts for the thermal stability, adhesion
and flatness from the local characteristics of an atomic
interface. Understanding of the interaction between the
atoms and their neighbors is important for the processes
of integrated-circuit devices, because it is known that
organic materials need passivation for ULSI devices [13–
17]. FTIR spectra analyze the chemical vibration mode
between atom and atom. The degree of crystallization
of the materials is analyzed by XRD or Raman spectra.
Raman spectra can prove the Raman-active modes, that

For developing the semiconductor technology of ultra large scale integration (ULSI), the conventional intermetal dielectric materials, such as SiO2 , have high
line-to-line capacitance, cross-talk noise and power consumption, due to the high dielectric constant of the
SiO2 . Therefore, it has been reported that new lowdielectric (low-k) materials, which could replace conventional silicon dioxide, should be found [1–4]. Generally,
low-k materials are classified into two groups: organic
and inorganic type. Hydrogenated amorphous carbon
film (a-C:H) [5–7], and fluorinated amorphous carbon
film (a-C:F) are of the organic type [8], and fluorinedoped silicon oxide (SiOF) is of the inorganic type [9].
The organic-type materials have lower dielectric constant
than the inorganic-type materials because of high carbon
content, but the organic-type materials have lower mechanical strength and chemical resistance than inorganictype materials [10]. Recently, organic-inorganic hybridtype porous silica materials have been researched as very
promising low-k materials by many researchers [11]. One
of the organic-inorganic hybrid-type porous silica materials is organosilicate film (SiOC), and it is known that
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is, the vibrations due to symmetric bonding structure.
On the other hand, FTIR spectra can prove the IR-active
modes, such as the vibrations due to asymmetric bonding
structure. Therefore, the analysis of FTIR and Raman
spectra has sometimes given much information to us.
In this study, the characteristic properties of SiOC and
a-C:F films were researched by means of FTIR and Raman spectra. The reaction modeling due to C=O and
C=C functional groups of SiOC film and a-C:F film was
researched. Low-k materials were deposited by using the
precursor. Organic composition was also analyzed to find
the correlation between bonding structure and chemical
reaction, from the point of view of nano-interface physics
and macro-interface physics.
Fig. 1. FTIR spectrum of as-deposited SiOC film.

II. EXPERIMENT
Organosilicate film was deposited on a p-type (100)
substrate by using inductively coupled plasma chemical
vapor deposition (ICPCVD) with a mixture of BTMSM
([(CH3 )3 Si]2 CH2 ) precursor and oxygen gas for 10 minutes. Organosilicate film was deposited with various
flow-rate ratios of O2 :BTMSM. The detailed deposition
conditions in this study have been described in a previous study [13]. Fluorinated amorphous carbon (a-C:F)
film was deposited on a p-type (100) substrate by using
ICPCVD with a mixture of carbon tetrafluoride (CF4 )
and methane (CH4 ) gases for 10 minutes. a-C:F films
were deposited with various flow-rate ratios of CF4 :CH4 .
The detailed deposition conditions in this study have
also been described in a previous study [9]. The chemical bonding structure of the materials was researched by
Fourier transform infrared (FTIR) spectra (IFS120HR),
and the degree of crystallization of the materials was analyzed by Raman spectra (IFS120HR).

III. RESULTS AND DISCUSSION
Figure 1 shows the FTIR spectrum of as-deposited
SiOC film. The Si-C-O asymmetric stretching vibration
mode is the broad band in the range from 1000 cm−1 to
1350 cm−1 . The Si-C-O stretching mode consists of a
C-OH bond and Si-CH3 bond. There are the CH3 symmetric deformation mode from 1370 cm−1 to 1390 cm−1 ,
C=C stretching band from 1640 cm−1 to 1750 cm−1 , and
CH stretching vibration band from 2800 cm−1 to 2890
cm−1 , respectively [11,12,18].
Figure 2 shows the FTIR spectrum observed from a:CF film. The FTIR spectrum of a:C-F film is almost the
same as that of SiOC film. The C-F stretching mode is
broad from 1000 cm−1 to 1400 cm−1 . The C-F stretching
mode consists of the CF band (1100 cm−1 ∼1300 cm−1 ),
the CF-CH3 band (near the peak of 1300 cm−1 ), and the
CH3 band (near the peak of 1380 cm−1 ) [5–8,18].

Fig. 2. FTIR spectrum of as-deposited a-C:F film.

The C=C (sp2 , 1640 cm−1 ∼ 1750 cm−1 ) band is relatively very weak. The Si-CH3 band (1250 cm−1 ) of
SiOC film and the CF-CH3 band (1300 cm−1 ) of a-C:F
film are suppressed by the neighbor C-OH (1040 cm−1 ∼
1150 cm−1 ) or CF bond (1100 cm−1 ∼ 1300 cm−1 ) with
a highly electronegative atom (O, F). The broad bonds
such as Si-O-C (1000 cm−1 ∼ 1350 cm−1 ) and C-F bond
(1000 cm−1 ∼ 1400 cm−1 ) are the results of a cross-link
structure of sp3 carbon.
Table 1 shows the general FTIR peak assignments for
CO, CF, CH and OH related bonds [18]. The C=C conjugated double bonds are very weak in the range from
1640 cm−1 to 1750 cm−1 , and the peaks near 3000 cm−1
weaken and the peaks near 1300 cm−1 are suppressed
by the atoms (oxygen, fluorine) of high electronegativity, as shown in Figure 1 and Figure 2. The weak peak
near 3000 cm−1 in SiOC film may have originated from
the modes such as -CHO (2700 cm−1 ∼2900 cm−1 ), C-CH3 (2810 cm−1 ∼ 2850 cm−1 ) or -O-CH2 -O (2770
cm−1 ∼ 2790 cm−1 ) because of the C-H bond elongation due to the oxygen. Especially, the peak near 3000
cm−1 in a-C:F film is hardly present. A M-CH2 -M (2800
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Table 1. General FTIR peak assignments for CO, CF, CH
and OH related bonds.
Functional Group
=CH2
=CH
-CH3
C-H
C=C-H
C=C
≡ C-OH
-O-H
-CHO
-O-CH3
-O-CH2 -O-O-CO-CH3
-CO-CH3
C-F
Si-CH3
CH3 -M(Si, P, S)
M-CH2 -M

Wave number (cm−1 )
1250 ∼ 2960
1430 ∼ 1470
1370 ∼ 1390
< 3000
> 3000
1640 ∼ 1750
1040 ∼ 1150
1260 ∼ 1410
2700 ∼ 2900
2810 ∼ 2850
2770 ∼ 2790
1360 ∼ 1385
1355 ∼ 1360
1000 ∼ 1400
1250
1100 ∼ 1350
2800 ∼ 3000

Assignment
C-H sym.
C-H def.
sym. def.
C-H str.
C=C str.
C-O sym.
O-H def.
two band

strong

Fig. 3. Raman spectrum with passive reaction of asymmetric bonding structure of as-deposited SiOC film.

C-F str.
sharp
CH2 str.

cm−1 ∼ 3000 cm−1 ) peak, where M is a silicon atom
of the substrate, is generated by the reaction of nucleophilic attack. Therefore, the M-CH2 -M (2800 cm−1 ∼
3000 cm−1 ) peak does not have organic properties any
more. Consequently, we know that the alkyl group in the
low-k films becomes mostly weak. In view of the nanointerface physics between atom-atom, though, the C-H
hydrogen bonds such as Si-CH3 bond (1250 cm−1 ) and
CF-CH3 bond (1300 cm−1 ) have very strong bonding
strength, and these related peaks usually show a sharp
shape. However, the FTIR spectra of these films show
the C-H bond elongation due to the inductive effect by
neighboring oxygen or fluorine. Therefore, the main peak
of SiOC film is broad in the range from 1000 cm−1 to
1350 cm−1 , and that of a-C:F film forms a broad band
ranging from 1000 cm−1 to 1400 cm−1 .
In view of the macro-interface physics in a carboncenter system, the conjugated C=C double bond due to
weak alkyl group easily undergoes nucleophilic attack by
a metal atom with rich electron, and the results are confirmed by the CH3 -M(Si, P, S) bond from 1100 cm−1 to
1350 cm−1 . Consequently, the nucleation induces the
effect of a weak boundary layer at the film’s surface,
and then the bonding structure of the films becomes the
cross-link structure of sp3 carbon and promotes adhesion
in low-k materials such as SiOC and a-C:F films. There
are C=O and C=C double bonds as well-defined organic
functional groups in synthetic organic chemistry. The
Raman spectrum of SiOC film shows a sharp Si-related
bond near 520 cm−1 , as shown in Figure 3. It is generally known that the sharp peak near 500 cm−1 is the
Si peak of the substrate, and the sharp peak near 530
cm−1 is the organic carbon peak as sp2 carbon. The

Fig. 4. Raman spectrum with active reaction of symmetric
bonding structure of as-deposited a-C:F film.

Fig. 5. Functional group in synthetic organic composition:
(a) the C=O double bond of SiOC film; (b) the C=C double
bond of a-C:F film.

organometallic carbon peak near 520 cm−1 , as sp3 carbon, means the cross-link structure of SiOC films. On
the other hand, the Raman spectrum of the related amorphous carbon structure of Figure 4 shows the broad band
over 600 cm−1 as well as a sharp Si of the substrate near
500 cm−1 . From the results of the Raman spectrum of
a-C:F film as shown in Figure 4, we know that a-C:F
film is generated from a symmetric carbon system as an
organic functional group with C=C double bond. On
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the other hand, the Raman spectrum of SiOC film is
not activated; therefore, SiOC film is generated from an
asymmetric carbon system such as C=O double bond.
The strong CH3 (1370 cm−1 ∼1390 cm−1 ) in SiOC film
of Figure 1 has a similar range to the strong peaks of -OCO-CH3 (1360 cm−1 ∼1385 cm−1 ) and -CO-CH3 (1355
cm−1 ∼1360 cm−1 ) from Table. 1. The peaks of -O-COCH3 and -CO-CH3 follow made from the results of nucleation attack of conjugated C=O double bond and the
inductive effect of CH bond elongation by rich oxygen.
Figure 5(a) and (b) show the C=O functional group of
SiOC film and the C=C functional group of a-C:F film
deposited by using the ICPCVD method. If the C=O
double bond has an electron-deficient group, the bonding
structure of SiOC film becomes the cross-link with asymmetric sp3 organometallic carbon by the broken σ bond
of the double bond. In the case of a C=C double bond
with an electron-deficient group, the bonding structure
of a-C:F film also becomes the cross-link with symmetric
sp3 diamond carbon. On the other hand, if the carbonrelated double bonds consist of the electron-rich alkyl
group, then the final materials show a steric-hindrance
effect. However the low-k materials of cross-link structure without steric hindrance have improved adhesion
and hardness by the effect of a weak boundary layer at
the film’s surface [9].
IV. CONCLUSIONS
SiOC and a-C:F films have chemical properties due
to an inductive effects, such as C-H bond elongation by
atoms of high electronegativity in a carbon-center system. The carbon-related double bond is an important
functional group in synthetic organic compounds. Breaking the σ bond of a conjugate double bond makes final
materials of cross-link structure, such as sp3 carbon. The
structural properties with the carbon-related bonds of
SiOC films and a-C:F films were researched by means of
the FTIR spectrum and Raman spectrum. As low-k materials, the C=O double bond in SiOC film and the C=C
double bond in a-C:F film made the cross-link structure
easily, and then the surfaces of the films showed a weak
boundary condition.
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