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Abstract

Plasma polymerized hexamethyldisiloxane (PPHMDSO) thin films were produced using an electrode

capacitively coupled apparatus. Fourier transform infrared spectroscopy analysis indicated that the thin

film spectra are composed not only of the corresponding monomer bands but also of several new

bands. Auger electron spectroscopy analysis indicated that the permeation depth of aluminum into the

films is ca. 30 nm when top electrode is deposited by evaporation aluminum. The increase of relative

dielectric constant and decrease of dielectric loss tangent with the discharge power is originated from

high cross-link of the films.
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1. Introduction

The production of thin polymer films on solid
surfaces has received considerable attention for
many years. The formation of these films from
the monomers can be accomplished by numerous
bombardment,
ultraviolet radiation, photolysis, evaporation, and
glow—discharge

techniques such as  electron

polymerization. Among these
methods, glow-discharge or plasma polymerization
is widely used since polymer films prepared by
this method are pin-hole free, highly cross-linked,
insoluble and heat resistant, and generally have
excellent chemical, mechanical, electrical, and
properties [1]. Further,

polymerization are

thermal the materials
formed by plasma
different

constitute a new kind of material.

vastly

from conventional polymers and
One of the characteristic features of plasma
ability  to

polymerization of organic compounds which will

polymerization Is the initiate

not form polymers under normal polymerization

conditions. Among the very wide range of
possible monomers for plasma polymerized films
(aromatic hydrocarbons [2], aliphatic hydrocarbons
[4-6], and

organosilicones appear to hold much promise @ Not

[3], organosilicones others), the

only are these films quite stable at elevated
temperature, but they are a priori more readily
compatible with silicon-based integrated circuits in
electronic applications [7]. Plasma deposits of
organosilicone compounds can be used as coating
for scratch and corrosion protection, as well as in
gas diffusion membranes/barriers [8].

Recently, considerable attention has been
devoted to the
organosilicon monomers, particularly hexamethyl-
disiloxane (HMDSIO).

interest because of high deposition rates and the

plasma  polymerization of

These monomers are of

ability to control structure and properties by

varying deposition conditions [9].

Kashiwagi et al. reported the study for the
formation process by which to fabricate oxide
the - electrical

insulation films with ease, and

AR KRR M Mioglaagd 1094)/bb



properties of HMDSO hybrid films formed by the
plasma process [6].

Cai et al. fabricated HMDSO films by means of
an inductively  coupled electrodeless  glow
discharge, and reported that the effect of different
chemical bonds in the monomer structure on
monomer reactivity was investigated through the
determination of monomer polymerization kinetics
{101,

Also, hexamethyldisiloxane is an easy and safe
monomer to handle (particularly so when
compared with silane compounds). In contrast to
the extensive literature on the chemistry of
hexamethyldisiloxane plasma deposits, relatively
little has appeared on the electrical properties of
these films.

In this paper, we report on our analysis of the
chemical and electrical properties of plasma
polymerized hexamethyldisiloxane thin films by
from a -step, Fourier transform infrared
spectroscopy (FT-IR), Auger electron spectroscopy

(AES), and an impedance analyzer.
2. Experimental details

Fig. 1 shows a schematic diagram of the rf
remote plasma polymerization apparatus. The
plasma polymerization process includes three main
stepst (1) the rf excitation of argon (Ar); (2) the
decomposition of hexamethyldisiloxane by the
excited argon: (3) film formation on a substrate.

The high-purity Ar (99999 %) gas was
supplied to the chamber from the top feed line as
a carrier gas and hexamethyldisiloxane (3995 9%,
Aldrich Chemical) from the side feed line as a
monomer.

The chamber was evacuated to a base pressure
of less than 2X10° Torr using a rotary pump.
The pressure was measured using a pirani gauge
(Okano Works, PG 1S).

Microscope slide glasses (Marienfeld, 75x25
mm), silicon wafers (MEMC, 100-oriented n-type),
and potassium bromides (JASCO) were used as
substrates. The microscope slide glass and silicon
wafer substrates were ultrasonically cleaned with
organic solvents. In addition to wet cleaning, the
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Fig. 1. Schematic diagram of remote plasma

polymerization apparatus.

microscope slide glass and silicon wafer substrates
were in-situ cleaned by Ar plasma for 10 min at
the discha.fge power of 50 W.

Experimental conditions were carrier gas flow
rate of 11 sccm(standard cubic centimeter per
minute), total pressure of 1x10" Torr, discharge
frequency of 1356 MHz, and discharge power of
30-90 W. There was no additional substrate
heating for a plasma polymerization. The films
were polymerized with a thickness of 500 nm for
all measurements.

The thickness of the films was measured by e
~step (AJU Eximinc). The infrared spectra were
measured in the range of 500 to 4000 cml by
using Fourier transform infrared spectroscopy
(FT-IR, Bruker IFS-48). Auger electron
spectroscopy (AES, Perkin Elmer PHI-670) was
operated at 10.00 kV of electric field and 0.0217 g.
A of current,

The relative dielectric constant was calculated
by simple equation and the dielectric loss tangent
was measured by Impedance Analyzer (Hewllet
Packard, 4192A LT). For measurements of
dielectric properties, an aluminum electrode of 3
mm width was evaporated in vacuum onto a



microscope slide glass.
3. Results and discussion

3 1. Deposition rate

Fig. 2 shows the relationship between the
deposition rate and the discharge power. The
deposition rate of the films was 8.25-32.5 nm/min
in accordance with the discharge power.
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Fig. 2. Deposition rate on the discharge power.

This increase of the deposition rate is
considered to originate from the concentration of
the reactive fragments and radicals. Kokai et al.
[11] have reported that the decomposition reaction
of hydrocarbons takes place more easily with
increasing the discharge power. Also, the
concentration of reactive fragments and radicals is
Cincreased with the discharge power because the
monomer molecules are decomposed into various
fragments in plasma. The increase of deposition
rate is considered as a result of phenomena as
mentioned above.

3.2. Fourier transform infrared spectroscopy

Fig. 3 shows the infrared transmission spectrum
of HMDSO monomer and PPHMDSOQO films. The
only spectrum of the thin film prepared at the
discharge power of 30 and 90 W is shown in Fig.
3 because the spectrum of the films as a function
of the discharge power appeared all similar. The

intensity of absorption bands was increased with
the increasing discharge power as shown in Fig.
3. The variation of the intensity of absorption
bands and the chemical structure of PPHMDSO
film as a function of the discharge power suggest
that the activation reaction possibly occurs by the
fragmentation of Si—C and C—H bonds of
HMDSO monomers, and also that the increase of
the discharge power enhances the number of
fragmented bonds per monomer in the activation
step, leading to the enhanced character of
cross-linked structure in the PPHMDSO film.
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Figure 3. FT-IR spectra of HMDSO monomer
and PPHMDSO films.

(a) HMDSO monomer, (b) PPHMDSO
film at P = 30 W, (¢) PPHMDSO

film at P = 90 W.
The spectrum of HMDSO monomer exhibits the

absorption bands as summarized in Table 1
(12,131
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Table 1. FT-IR band assignment of HMDSO

monomer
Material Peak@f:)j;tlon Band Assignment
3126.9 -va{C-H) in CH;
1282.8 8 s (CHj) in Si~ CH;
HMDSO | 1028 v a (Si—O-Si)
796.7,590.2 | v (8i-C)

Table 2. FT-IR band assignment of PPHMDSO
film (discharge power : 30 W)

lfci?;:::r Pealgcll)ncisl;tlon Band Assignment
3466.4 v (O-H)
2968.7 v a (C~H) in CH;
2449.8 v (Si-H)
1763.1 v (C=0)
1452.5 6 a(CH;) in
Si~ CH,— CH,- Si
1410.1 da(CH,)in
PPHMDSO Si- CHp- Si
1261.6 é s (CH;) in Si—- CH;
1028.1 v a (Si—0-Si)
839.1 o0 (CH3) in
Si+(CH,), , n=2,3
796.7 o (CH3) in
Si«(CH3), , n=1,2
900 ~ 500 v (Si-C)

Atomic Concentration (%)

The plasma polymerized thin film spectrum
shown in Fig. 3 is composed not only of the
corresponding monomer bands but also of several
new transmission bands which were absent in
monormer spectrum, namely Si—H at 2449.8cm’}
Si—CH2~-CH2—Si at 14101em™ and Si—CH2—
S at 14101 cml. The new transmission bands
due to a probable oxidation were found in the
spectrum of plasma polymerized film, such as O—
H at 3466.4.cm’ and C=O at 1763.1 cm, These
spectrum were summarized in Table 2.

3.3 Auger eleclron spectroscopy
AES was used to find the permeation depth of
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aluminum into the films when top electrode is
deposited by evaporation aluminum. The thin film
which was prepared with the discharge power of
90 W was used for this experiment. The
aluminum was deposited by evaporation on the
film. Fig. 4 shows the relationship between the
atomic concentration and the sputter time,
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Figure 4. AES atomic concentration depth profile
of PPHMDSO film.
Discharge power: 90 W.

The surface of the top electrode is composed of
only aluminum and oxygen. The oxygen content
results from oxidation when the top electrode on
the film is exposed to air. Aluminum contents
gradually drops inside the film and then the
composition of the film is revealed. The etching
rate of the plasma polymerized  hexa-
methyldisiloxane thin film is ca. 15 nm/min. As
shown in fig. 4, the permeation aluminum was
appeared with the sputter time of ca. 2 min.
Therefore, the permeation depth of aluminum into

the film is ca. 30 nm.

3.4. Dielectric properly
Fig. 5 shows the relationship between relative



dielectric constant, dielectric loss tangent and
frequency at room temperature. The relative
dielectric constant and dielectric loss tangent of
PPHMDSO film at 90 W of the discharge power
were increased 3.212 to 3.805 and 0.0026 to 0.0451
in the range of 10° to 10° Hz, respectively. As
the discharge power was increased, the relative
dielectric constant of the films was increased 2.273
to 3.212 and the dielectric loss tangent was
decreased 0.0083 to 0.0026 at 1 kHz
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Figure 5. Relative dielectric constant and

dielectric loss tangent vs. frequency
for different discharge powers.
Open, relative dielectric constant;
solid, dielectric loss tangent.

This increase of the relative dielectric constant
and decrease of the dielectric loss tangent are
considered as a result of higher cross-link of the
films with increasing the discharge power. If
PPHMDSO film have smaller cross-link and
higher voids, polarization will be revealed in the
films. The dipole caused by polarization tries to
rotate in alternative electric field, but the force of
restitution 1s revealed because of the resisting
power interfering with rotation. The dielectric loss
tangent 1s caused by the force of restitution of
the films.

In  higher discharge power, the plasma
polymerized films show higher cross-link because
the concentration of reactive fragments increases
with the discharge power. This phenomenon
corresponds with the data of Fig. 3. The values of
relative  dielectric constant and dielectric  loss
tangent are almost uniform in the range of 10° to
10° Hz at the same discharge power, but these
values increase abruptly in the range of around
10° Hz. The conventional polymers show the
decrease of relative  dielectric  constant and
increase of dielectric loss tangent around 10° Hz
{(This phenomenon is due to dipole polarization
{14,15D. However, abrupt increases around 10° Hz
of PPHMDSO films in this experiment are
considered to be due to the presence of radicals
rather than dipoles in the films and the parastic
inductance [16] of capacitors.

4. Conclusions

The deposition rate of the films was 8.25-325
nm/min in accordance with the discharge power.
FT-1R analysis indicated that the polymer thin
film spectrum include several new bands which
were absent in monomer spectrum. In ALS
analysis, the permeation depth of evaporation
aluminum into the film was ca. 30 nm. As the
discharge power was increased, the relative
dielectric constant of the films was increased 2.273
to 3212 and the dielectric loss tangent was
decreased 0.0083 to 0.0026 at 1 kHz.
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