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Relationship between Dielectric Constant and Increament of Si-O
bond in SiOC Film
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Abstract
relationship between the dielectric constant and the chemical shift. SiOC film obtained by plasma method had
the main Si-O-C bond with the molecule vibration mode in the range of 930~1230 cm” which consists of C-O

SiOC films made by the inductively coupled plasma chemical vapor deposition were researched the

and Si-O bonds related to the cross link formation according to the dissociation and recombination. The C-O
bond originated from the elongation effect by the neighboring highly electron negative oxygen atoms at terminal
C-H bond in Si-CH; of 1270cm™. However, the Si-O bond was formed from the second ionic sites recombined
after the dissociation of Si-CH; of 1270cm™. The increase of the Si-O bond induced the redshift as the shift of
peak in FTIR spectra because of the increase of right shoulder in main bond. These results mean that SiOC
films become more stable and stronger than SiOC film with dominant C-O bond. So it was researched that the
roughness was also decreased due to the high degree of amorphous structure at SiOC film with the redshift
after annealing.
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(ULSI) system[1-7]. The reduction of the dielectric
of SiOC film is due

1. Introduction

constant to decreasing the

Introduction SiOC film with low dielectric constant
(low-k) has been focused on the promising insulator,
which can be replaced the silicon dioxide film, because of
increasing of crosstalk noise and signal delay time in

using of SiO film in ultra large scale integrated circuits

polarization or increasing the porosity. But pores in the
thin film decreases the hardness and leads to problems in
making multi level integration. On the other hand, the
SiOC film due to the low polarization has good properties

in view of the mechanical, electrical and thermal stability,
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because the C-H bond elongation effect also reduces the
ionic polarization in SiOC film[8-12]. The amorphous
structure owing to the ionic polarization decreases the
polarization and dielectric constant in SiOC film.

The paper was prepared SiOC films with various flow
rate ratios deposited by inducitive coupled plasma
chemical vapor deposition (ICP-CVD). It was studied the
correlation between the chemical shift in FTIR and the
dielectric constant, which was related with the ionic

polarization.

2. Experiment method

The low-k SiOC films were obtained using the mixed
gases of oxygen and methyltrimethoxysilance (MTMS) by
inductive coupled plasma chemical vapor deposition
(ICP-CVD). The SiOC films were processed with various
500C. The MTMS was
vaporized and carried by argon gas at 35 T from a
thermostatic bubbler. The low-k SiOC films were

prepared by various flow rate ratios of MTMS precursors,

annealing temperature at

but the total gas flow rate was 15 sccm. The base
pressure was 3 Torr and the rf power was 800 W in each
experiment. The chemical properties of SiOC film was
researched by Fourier Transform Infrared spectrometer
(FTIR, Galaxy 7020A). The thickness of the film was
measured by the Ellipsometer, and the dielectric constant
of SiOC film was researched from the C-V
(capacitance-voltage) measurement at IMHz using the
HP4284A on the MIS (Al/SIOC film/Si

structure.

substrate)

3. Results and discussion

SiOC film was deposited by chemical vapor deposition.
The gas precursor is dissociated into ions, cations and
radicals which are controlled by the bond dissociated
energy. These ions, cations and radicals trend toward
more stable bonds than before. In the case of ultra low-k
materials, many alkyl groups generate a number of Si-R,
Si-H bonds. Generally, SiOC film decreases the dielectric
constant due to the ionic polarization witch is

manufactured by the control of density due to the flow

rate ratios during the deposition[13-15]. The chemical
reaction during the deposition is carried out and generated

many sites as given by the following equations.

Si-CHy+0,— Si-O + O-CH (1)
O-CH;+Si— O-Si-CH; )
Si-CH3+Si-CHs— Si-CHa-CH5+Si-H 3)
Si-H + Si-O — Si + Si-OH @)

In the case of ultra low-k materials, many alkyl groups
generate a number of Si-R, Si-H bonds as shown in the
equation (3) and (4). On the other hand, the equation of
(1) and (2) is the reaction at a lot of oxygen flow rate
ratio. Generally, SiOC film decreases the dielectric
constant due to the ionic polarization witch is
manufactured by the control of density due to the flow
rate ratios during the deposition. Basically, we infer that
the ionic bonds recombined from the reaction of (1) and
(2) are stronger and more stable than that of (3) and (4).

Figure 1 is the dielectric constant obtained from the
C-V measurement using MIS structure. The dielectric
constant decreased at the annealed samples of 4, 9 and
13, because of the oxidation reaction and H,O evaporation
during the annealing process. It is inferred the variation of
polarity obtained from the chemical reaction between
different polar sites such as OH and CH groups from the
change of dielectric constant of as deposited films
according to the flow rate ratios. The deposited SiOC film
reduces the dielectric constant once again by the oxidation

annealing process due to the H,O evaporation.
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[Fig. 1] Dielectric constant of SiOC film with various
flow rate ratios and annealing temperature at 500
.
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[Fig. 2] Difference of FTIR spectra due to the annealing
effect in SiOC films with low dielectric constant,
(a) sample 4, (b) sample 9, (c) sample 13.

Figure 2 shows the FTIR spectra of 650~1500 cm™ of
as deposited and annealed films about samples 4, 9 and
13 with low dielectric constant. FTIR spectra of SiOC
film consist of the Si-O-C bond of 930~1230cm’1, the
Si-O-C bond of 650~930cm™ and Si-CH; bond of
1270cm™. The main Si-O-C bond of 930~1230cm™ is
composed of the C-O bond and Si-O cross-link bond. The
Si-O-C bond of 930~1230cm™ moved to lower frequency,
and split two peaks after annealing process. In the main
Si-O-C bond, the Si-O cross-link bond as right shoulder

increased after annealing and this effect induced the red
shift at the main bond in FTIR spectra. In view of the
annealing, two OH bonds in R-OH, Si-OH, CH or OH
bonds react with each others and make H,O sites witch is
the reason of increasing the dielectric constant in the film.
But H,O sites evaporate during the annealing at high
temperature. This oxidation reaction is given by the

following equation (5)~(7).

CH + OH — H,0 |+ C O)
Si-OH+Si-OH — H,0 1 + Si-0-Si (6)
CH+50H—3H,0 | +CO, @)

The oxidation reaction using the annealing generates
two split bonds such as the Si-O cross link network and
C-O bonds in the main bond of 930~1230 cm™ of FTIR
spectra as shown in Fig.2 and the equation (5)~(7).
Increasing the Si-O cross link bond as right shoulder bond
means that the annealed film becomes more stable and
stronger than as deposited film. This effect induces to
shift lower frequency in FTIR spectra and decrease the

dielectric constant of SiOC film.
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[Fig. 3] Roughness in SiOC film with various flow rate
ratios and annealing temperatures.

Figure 3 shows the roughness of SiOC films with
various flow rate ratios and annealing process. The
increase of roughness at annealed film results from the
increase of the carbon content after annealing by the
equation (5) and (7). The roughness decreases at the
annealed films 4, 9 and 13 with the red shift. The
roughness is related to the migration of Si-O-C main bond
to the red shift in FTIR spectra and the lowering of the
dielectric constant. The oxidation reaction due to the

annealing process not only progress the stability of the
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final film by the reduction of surface energy but also
improve the degree of amorphism which needs to

decrease the dielectric constant in low-k materials.
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[Fig. 4] Comparison between samples 8 and 9 (a) as
deposited film, (b) annealed film at 500 T.

Figure 4 shows the relationship of lowering the
dielectric constant in SiOC film due to the red shift in the
main bond and the increase of peak intensity in Si-O
cross link bond.

Figure 4(a) shows the decreasing dielectric constant at
sample 8 with the red shift from the comparison of FTIR
spectra between as deposited SiOC films 8 and 9. The
peak of SiOC main bond at sample 8 shifts lower
frequency than that of sample 9. The dielectric constant of
sample 8 also decreased in comparison with that of
sample 9 as shown in Fig.l. We infer that the redshift
induces the lowering the dielectric constant in SiOC film.

Figure 4(b) is the chemical shift of the Si-O cross link
bond obtained from the FTIR spectra at annealed films of
8 and 9. The main bond of sample 9 is split by two peaks
after annealing, but the sample 8 has almost one peak

with weak right shoulder peak. The right shoulder peak of
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the main mode at sample 9 originates from the increase
of Si-O cross-link bond, satisfying condition as a low-k
material. Increase of the Si-O cross link bond induces the
lowering the dielectric constant and roughness as previous
mentioned. The dielectric constant of sample 9 with high
intensity of Si-O cross link bond decreases in comparison

with that of sample 8 as shown in Fig. 1.

4. Conclusion

To research the origin of variation of the bonding
structure of SiOC film after annealing process, the
characteristic of SiOC film was researched by FTIR
spectra. The gas precursor was dissociated by the plasma
energy to become many ions, cations and electrons. These
sites were recombined according to the balanced
formation by the equilibrium of the repulsive and
attractive forces during the deposition. The hydroxyl
group was evaporated by the annealing and then
decreased the dielectric constant of SiOC film. The main
bond of SiOC film near 1000 cm™ consisted of the C-O
and Si-O bonds. The bond of right shoulder Si-O in the
main bond was increased after annealing process and
showed the redshift in FTIR spectra, which was related
with the reduction of the dielectric constant and
roughness. Because the charge dispersion of cationsin the
dissociated sites such as ions, cations and electrons was
induced the stability of the surface energy and decreased

the roughness and the dielectric constant.
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