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Abstract

Organosilicate films are promising porous low-dielectric
m.aterials, which can replace the silicon dioxide films. It was
researched that organosilicate films have two different chemical
shifts according to the increase of the flow rate ratio. There are
the red shift due to the electron deficient substitution group, and
the blue shift of the electron rich substitution group. Among
these chemical shifts, the blue shift from 1000 cm” 1o 1250
cm’! was -related with the formation of pores. The methyl
radicals of the electron-rich substitution group terminate easily
the Si-O-Si cross-link, and the Si-O-C cage-link near 1057 cm™
is originated from the cross-link breakdown due to much

methy] radicals.

I. Introduction

For semiconductors technology of ultra large scale integration
(ULSI), the conventional SiO, films are not suitable because of
the problem of the increase of the line to line coupling
capacitance, the cross-talk noise, the power consumption and
the signal delay time. Therefore, it is necessary to develop the
low dielectric constant (low-k) materials, witch replace the
conventional SiO; films [1, 2]. There are an organic materials
such as fluorinated amorphous carbon and hydrogenated
amorphous by the chemical vapor deposition (CVD) [3, 4], and

an organic-inorganic hybrid type of organosilicate (SiOC) films
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[5-7]. These low-k materials involve the carbon atom of the
tetrahedral bond. The structure of low-k materials with C-H
hydrogen bond change the sp3 carbon bonds in the special
conditions of the C-C single bonding. The sp3 carbon bonds
make easily the cross-link structure in low-k m:aterials and
improve the adhesion of the films [8, 9]. Recently as promising
porous low-k materials, organosilicate films containing alkyl
groups have a low dielectric constant because of the interaction
between the C-H hydrogen bonds and the electro-negative
atoms oxygen. Among the various preparation conditions of the
films containing alkyl groups, it is known that the flow rate
ratio during their deposition is the principal cause of changes in
the bonding [6]. The final product of organic materials has
different chemical and physical properties according to the
amount of methyl radicals due to the flow rate ratio, and then
the results reveal the difference between the red and blue shift
from the fourier transform infrared (FTIR) spectra analyzer
[10}.

In this study, low-k organosilicate films were deposited on a
p-type (100) substrate by using an inductively coupled plasma
chemical vapor deposition (ICPCVD) with mixtre of
B’fMSM ([(CH,)3Si],CH,) precursor and oxygen gas for 10
minutes. The detailed deposition conditions in this study have
been described in previous story [6]. The bonding structure of
the films with a red and blue shift was analyzed by FTIR,
respectively. The reason of a red and blue shift in organisilicate

films was researched by FTIR, and it was studied the
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relationship about the porosity and the Si-O-C cage link in the

film with a blue shift.

[1. Experiment
Low-k (low dielectric constant) organosilicate films were
deposited using a mixture gas of a BTMSM ([(CH3)38i],CH,)
and an oxygen by inductively coupled plasma chemical vapor
deposition (ICPCVD). The flow rate ratio of BTMSM =10
sccm was fixed, and the flow rate ratio of oxygen was varied.
The film was deposited at room temperature, and then a
annealing process was performed at 500 * for 30 minutes in a
vacuum. The detailed deposition condition have been
described elsewhere [11). The characteristic analyses of
organosilicate films were performed by Fourier Transform
Infrared (FTIR) spectra and X-ray photoelectron Spectroscopy
(XPS). FTIR (Fourier transform infrared) spectra were
obtained in  absorbance mode with a FTIR
spectrometer(IFS120HR). The chemical shift. of organosilicate
films in the range of the flow rate ratio O;:BTMSM<1.2 was
studied. The chemical structure of organosilicate films was
analyzed by XPS(ESCALAB250,VG Scientifics, UK). The
pressure of the analysis chamber was maintained at 5.0 x 10-8
Torr during each measurement with chafge compensation with
flood gun. The X-ray source was Al K, line (1486.6 eV)
operating at 150 W. Survey spectrum was obtained in the
range of 1 to 600 eV by using 1 eV scan step size with 50 eV
pass energy but high resolution spectra for the individual
element was collected with a scan step size of 0.05 eV with 20

eV pass energy.

I11. Resuits and discussion
The red and blue shifts are made from different reasons on
the basic of a Diels-Alder reaction. A red shift is the broad
band in the range from 950 cm™ to 1350 cm’, but a blue shift
is relatively narrow band from 1000 cm™ to 1250 cm’! [6).In

addiction, the red and blue shifts were clearly distinguished by

the intensity of the FTIR spectra in organosilicate films, in
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spite of a very few difference of the flow rate ratio. Figure 1
shows the original FTIR spectra of as-deposited films, witch
they were not normalized. As-deposited films with the flow
rate ratio Oo/BTMSM < 1.0 show a blue shift, but the film with
the flow rate ratio O/BTMSM=1.2 shows a red shift. In
comparing a red shift with a blue shift, the main peak intensity
of as-deposited film with a red shift is very higher than the
films with a blue shift. To confirm the chemical shifts, the
main bonds of the FTIR spectra are enlarged, and the FTIR
spectra were deconvoluted by fitting the data to a number of

Gaussian peaks.
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Fig. 1. FTIR spectra of the non-normalizing as-deposited films

for the distinction of the chemical shifts.

Figure 2 shows the FTIR spectrum of as-deposited film with a
red shift. The deconvoluted FTIR spectrum for the range 950
to 1350 cm” is divided into four groups, and there are the
first-second bonds of the Si-O-C cross-link, the third bond of
the Si-O-Si cross-link and the fourth bond of the Si-CH; bond.
The peak of a red shift in the total main bond is near 1065 cm™.
Figure 3 shows the FTIR spectrum of as-deposited film with a
blue shift. The decohvoluted FTIR spectrum for the range 1000
to 1250 cm™ is divided into three groups, and there are the first
bond of the Si-O-C cage-link near 1057 cm™, the second bond

of the Si-O-C cross-link near 1107 cm™
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Fig. 2. FTIR spectrum of as-deposited film with a red shift.

and the third bond of the Si-O-Si cross-bond near 1150 cm™.
The peak of a blue shift near 1100 cm™ in whole bond is higher
than that of a red shift near 1065 cm™. The reason of a blue
shift is the condensation of C-H bond, but a red shift is the
reason of the elongation of C-H bond, as shown in the previous

other paper [6].
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Fig. 3. FTIR spectrum of as-deposited film with a blue shift.
The cage-link near 1057 cm™ is directly related with the
porosity, which is originated from the cross-link breakdown
due to the electron rich group. Organosilicate films with a low
porosity show a small cage-link, therefore a blue shift can be
clearly researched because of the small cage-link in a main
band by FTIR spectrum of the film. That is the reason that it
was hard to know about the existence of a blue shift in
organosilicate films. The mode of a blue shift consists of the

cross-link and cage-link, therefore the whole mode has two
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kind of peaks. On the other hand, the mode of a red shift only
consists of the cross-link, therefore the whole mode makes the
one peak, in spite of broad. If the structure of organosilicate
films has a high cage-link due to the increase of a porosity, the
Si-O-C cage-link near 1057 cm™ increases as shown in Fig. 1,
therefore the first peak (1057 cm™) of the films with the flow
rate ratio O/BTMSM < 0.6 show higher than the second peak
(1107 cm’™).

Table 1. Average bond enthalpy (kJ/mol)

Si-Si 226 C-H 413
Si-C 301 O-H 463
Si-H 323 0-0 495
C-C 348 =C 614
C-O 358 C=0 799
Si-O 368
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Table 1 shows the average bond enthalpy between atoms (Si, C,
H, 0), and the average bond enthalpy of a single bond is
usually weak in comparison with a double bond. The average

bond enthalpy - reflects the difference between the

electro-negativity of the two atoms, therefore the FTIR
spectrum of the film with a blue shift can be explained in view

of the average bond enthalpy.
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Fig. 4. Relationship between the average bond enthalpy and
FTIR spectrum of the film with a blue shift.

Figure 4 shows the relationship between the average bond
enthalpy and FTIR spectrum of the film with a blue shift for
the presentation about a vibration mode between atoms.

The C-H bond is easily withdrawn by high electronegative
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atom oxygen according to the increase of the oxygen gas flow
rate ratio. This C-H bond elongation causes the blue shift to
change the red shift. First of all, the C-H bond elongation
occurs at the first bond (1057 cm™) and then the first bond
moves to low frequency from 1000 cm™ to 950 cm™, witch is
at the lowest frequency of a whole mode. Second, the C-H
bond elongation occurs at the third bond (1150 cm™) due to the
inductive effect between oxygen and C-H bond of Si-CH; at
1270 cm™, because the Si-CH; bond has very strong bond
strength. Therefore, the third bond moves to the highest
frequency from 1250 cm™ to 1350 cm” in a whole mode.
Consequently, the whole mode of a red shift becomes a broad
band in the range of 950 cm™ to 1350 cm™'. The main form of a
red shift is smooth mode because of the bonding structure of
the films with all cross-links such as Si-O-Si cross-link and
$Si-0-C c.ross-link, and the peak of main bond moves to a low _
frequency due to the elongation of C-H bond as shown in Fig.

2.

IV. Consulsion
The surface of a red shift's film becomes low energy
distribution due to a weak boundary condition, and the
adhesion of the film progresses, and the dielectric constant also
decreases because of the high carbon content by the cross-link
structure [7]. It is also confirmed that the main mode intensity
of the film with a red shift at O,/BTMSM=1.2 is higher than

any other films as shown in Fig. 1.
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