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Abstract. This paper describes the effect of nitrogen Plasma Immersion Ion Implantation (PIII)
on chemical structure, refraction index and surface hardness of plasma-polymerized
hexamethyldisilazane (PPHMDSN) thin films. Firstly, polymeric films were deposited at 13.56
MHz radiofrequency (RF) Plasma Enhanced Chemical Vapour Deposition (PECVD) and then,
were treated by nitrogen PIII from 15 to 60 min. Fourier Transformed Infrared (FTIR)
spectroscopy was employed to analyse the molecular structure of the samples, and it revealed
that vibrations modes at 3350 cm™, 2960 cm™, 1650 cm™, 1250 cm™ and 1050 cm™ were
altered by nitrogen PIII. Visible-ultraviolet (vis-UV) spectroscopy was used to evaluate film
refractive index and the results showed a slight increase from 1.6 to 1.8 following the
implantation time. Nanoindentation revealed a surface hardness rise from 0.5 to 2.3 GPa as PIIL
treatment time increased. These results indicate nitrogen PIII is very promising in improving
optical and mechanical properties of PPHMDSN films.

1. Introduction

PIII is a highly efficient technique for surface modification of metal, semiconductor and polymeric
materials [1,2,3,4,5] and, it has been applied in different areas, such as aeronautic, electronic, optical
and biomedical. In this implantation process, the samples are immersed in gas discharge and are
polarized with high negative voltage pulses. Plasma ions are accelerated toward the samples and
implanted into their surfaces. This bombardment promotes bond breakage and recombination
processes on chemical structure of the target surface and consequently, it causes modifications in its
chemical, optical, electrical, biological, mechanical and tribological properties [6,7,8]. However, the
degree of these modifications is strongly dependent on plasma parameters (frequency, discharge
power, gas pressure, gas specie), pulse characteristics (amplitude, repetition rate and work time) and
target material [8]. In this work, plasma-polymerized HMDSN were used as target, because they are
interesting to many applications, such as optical, protective and biocompatible coatings [9,10,11,12].
Refractive index and surface hardness of HMDSN films treated by nitrogen ions were correlated to
molecular chemical modification induced by PIII technique.

(© 2009 IOP Publishing Ltd 1
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2. Materials and Methods

PPHMDSN films, with 295 nm average thickness, were prepared by PECVD in a cylindrical stainless
steel reactor fitted with two parallel plate electrodes. RF power supply (13.56 MHz, 50 W) was
connected to upper electrode and the lower one, used as substrate holder, was grounded. HMDSN
vapour pressure was 40 mTorr and deposition time was 30 min. PIII was performed in the same
reactor, fixed at the lower electrode to a high voltage pulser. Nitrogen plasma of 50 W power and 40
mTorr pressure was established while negative pulses of 30 kV amplitude and 100 Hz repetition rate
were applied. PIII treatment time varied from 15 to 60 min. Thickness measurements were carried out
by Alpha-Step Tencor profilemeter. Molecular chemical structure of the film surfaces was investigated
by Fourier Transformed Infrared (FTIR), using a Perkin Elmer FTIR 1600 spectrometer. Refractive
index was analysed by visible-ultraviolet (vis-UV) using a Hitachi U-3501 spectrometer and hardness
was evaluated by a nanoindenter Hysitron Triboindenter.

3. Results and discussions

Figure 1 shows the IR spectra of PPHMDSN films submitted to different time of nitrogen PIII. As can
be noticed, as-deposited film spectrum is characterized by C—H stretching at 2960 cm™ and 2900 cm™,
Si—-CHj stretching at 1250 cm™', Si—O stretching at 1050 cm™, Si—N stretching at 940 cm™, Si—(CH;),
stretching at 840 cm™” and Si—C stretching at 800 cm™. Although HMDSN monomer contains no
oxygen (O), free radicals trapped in PPHMDSN film structure react with atmosphere O during the
deposition process or when the samples are removed from the reactor [3,7]. Therefore, O-containing
groups usually appear into PP film molecular chain. Observing IR spectra of the implanted films, it
can be seen that some of the original PPHMDSN bands were intensified with the rise of nitrogen PIII
treatment time. Besides, there was the appearance of three new absorption bands: O-H stretching at
3400 cm™, Si-H stretching at 2130 cm™ and the band centered around at 1650 cm™. The later is
attributed to unsatured carbon bonds, such as C=0 and C=N. It is possible that N-H stretching at 3350
cm™ and N-H bending at 1650 cm™" are overlapped by large bands, because N ions are highly reactive
and are introduced into the polymeric structure. Chemical bonds and their related absorption peaks are
shown in Table 1.
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Figure 1. IR spectra of PPHMDSN films treated
by nitrogen PIII for different time.
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Table 1. PPHMDASN film infrared spectra vibration modes.

Vibration modes

Absorption peak (cm™)

O-H stretching 3400

N-H stretching 3350

C—H stretching in CH; groups 2960
C—H stretching in CH, groups 2900
Si—H stretching 2130

C=0 stretching 1700

N-H bending in NH, groups / C=C stretching 1650
C=N/C=0 bending 1600

CHj; bending in Si—(CHj)x groups 1230
Si-O stretching 1050

Si-N stretching 940
Si—(CH3;), rocking — stretching 850
Si—C stretching 800

These molecular chemical modifications are attributed to three concomitants effects of ion
implantation processing: chain breakage, unsaturation and crosslinking. It is known that the impact of
energetic ions with a target material causes chemical bond breakages and promotes emission of atomic
and molecular species [8]. In polymeric material, hydrogen (H) bonds are preferentially lost because
they belong to chain termination, and H atom progressive emission induces the appearance of dangling
bonds. These dangling bonds can recombine through unsaturation processes such as double bond
between carbon atoms or between carbon atoms and other species present in the polymeric structure.
The presence of C=C, C=0 and C=N bonds is suggested around 1650 cm™ band, although it is
difficult to distinguish them in the spectra. Chain crosslinking can also occur due to dangling bonds,
and it is responsible for the chain mobility decrease and, consequently, for the structure stiffness.
These factors increase the density of the samples while their thicknesses diminish. Figure 2 shows
PPHMDASN film thickness measurements after and before (t=0) PIII treatments.
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Figure 2. Thickness of PPHMDSN films as a function of
implantation time.
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As can be seen in figure 2, the thickness of the films diminished from 295 nm to 238 nm as the
treatment time increased. This can confirm the density rise of the samples, although the thickness
decrease can be also related to sputtering processes frequently observed in ion implantation treatments
[8]. The density increase promotes alterations in the optical properties of the samples, which was
evaluated through refractive index measurements show in figure 3. In that figure, it can be noticed a
slight refractive index enhancement from 1.65 to 1.78. Moreover, the density rise is directly related to
hardness improvement. Figure 4 shows the hardness measurements performed at 70 nm depth, as a
function of treatment time. As can be seen, the PPHMDSN film hardness rose from 0.5 to 2.3 GPa as
nitrogen PIII treatment time increased. It corroborates the unsaturated and crosslinking process
enhancement suggested before. In this sense, it is necessary to emphasize that ion implantation usually
promotes modifications into the film surface, however IR and vis-UV analyses were performed in the
film bulk. Therefore, any alteration in these analyses shows that PIII is an effective technique for
surface modifications.
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Figure 3. Refractive index of PPHMDSN films
measured at a wavelength of 628.34 nm as a function
of nitrogen PIII processing time.
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Figure 4. Hardness of PPHMDASN treated by nitrogen
PIII, measured at 70 nm depth, as a function of
implantation time.
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4. Conclusions

The results of IR measurements show the O—containing group and unsatured bond appearance, as well
as Si bonds increase, after nitrogen PIII. These molecular chemical modifications induced a rise of the
density, refractive index and surface hardness of the PPHMDSN thin films. Nevertheless, the degree
of these alterations looks directly dependent on the implantation time. It is attributed to higher amount
of insaturation and crosslinking recombination processes at longer treatment time. All analysis
performed in this work show nitrogen PIII is efficient to modify the molecular chemical structure of
PPHMDSN films and their surface properties.
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