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The Plasma Source {on Implantation (PSI1) technique was utilized to improve the surface electrical properties
of various synthetic polymers such as poly(ethylene terephthalate), modified poly(phenylene oxide), and
poly(styrene-butadiene copolymer). They were implanted with inert ion species such as Ar and Xe, and with
reactive jon species such as N, and O, to render the surface more electrically conductive. The effect of ion
energy and treatment time on the surface resistivity of polymer was investigated. Depending on ion energy, dose,
and ion species, the surface resistivity of the film was reduced by several orders of magnitude. In this study we
also provide a method for surface modification of 3-dimensional bulk polymers, which is capable of implanting
plasma ions into surface of 3-dimensional bulk polymer sample by mounting a metallic grid over a sample stage.
Electrical property improvement was measured by high resistance electrometer. Polymer surfaces were
characterized by using TOF-SIMS and XPS before and after PSII treatment. From these measurement it was
found that the reduction in surface resistivity after PSII treatment was related 1o graphitic carbon or cross-linked

carbon double bond species formed on the surface.

1. Introduction

Many rescarch groups have been concentrated
on the possibility of obtaining electrically
conducting structures in polymeric materials ever
since conducting polymers were discovered [1].
Electrical conductivity of polymers can be
achieved by incorporating dispersible conducting
fillers, the deposition of conducting materials, and
use of conducting polymers [2]. To enhance the
surface electrical properties of the polymers a
variety of modification techniques have been
evaluated [3-6].

Although ion Implantation has long been
proven to modify the surface properties of metals,
semiconductors, and ceramics, only in recent
years has great effort been devoted to the surface
modification of polymers by ion implantation.
Recent studies have shown that ion implantation
very effectively improves polymer surface
properties such as wettability, surface hardness,
wear resistance, and electrical properties [7-9].
Ion-beam surface modification involves use of
conventional ion implantation and recently
developed  hybrid plasma-enhanced  ion
implantation techniques. Whereas conventional
ion implantation has attracted much attention and
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achieved great success in the surface modification
of materials, plasma enhanced ion implantation
such as plasma source ion implantation (PSII) is
an emerging technology in the field of surface
modification for a variety of materials [10-12].
Our group has investigated the use of PSII for
modification of polymeric materials [13,14]. It
was found that the PSII process very effectively
makes the surface hydrophilic and produces a
stable surface layer of modified polymer.

Polymer surfaces can also be modified by use of
a high-energy ion-beam. High-energy ions are
introduced into the polymer structure at high
velocity and initiate a large amount of chemical
bonding between molecular chains. After
treatment by high energy ion beam processes the
modified polymers have a highly cross-linked
three dimensionally connected rigid network
structure and significantly improved electrical
properties, hardness, and resistance to wear and
chemicals [15,16].

In this study we have explored improvement of
the surface resistivity of polymer surface. We
focused on the effect of PSII treatment on the
polymer surface, using a high energy of more than
20 keV to reduce the surface resistivity. Surface
analysis of the modified polymers was performed
by X-ray photoelectron spectroscopy (XPS) and
Time-of-flight secondary ion mass spectrometry
(TOF-SIMS).
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2. Experimental
2.1 Materials

The sample materials studied were commercial
poly(ethylenc terephthalate) (PET), poly(styrene-
butadiene copolymer) (PS-BD), and modified
poly(phenylene oxide) (MPPO) manufactured by
Yulchon Chemical (Seoul, Korea). The films and
plates were used after cleaning with methanol.

2.2 PSII apparatus

The experiments were performed with a plasma
source ion implanter built in-house. A detailed
description of this apparatus and the PSII
modulator characteristics have been presented
elsewhere [17]. Polymer specimens were placed
on the oil-cooled stage immersed in the plasma. A
metallic grid was mounted over the sample stages
so that ions from plasma surrounding the sample
were accelerated into a three-dimensional shaped
polymer sample when the pulse was on (Fig. 1).
The grid having a diameter of 21 cm was
electrically connected to the sample stage with the
post. Samples were pulse-biased to a high
negative potential up to -30 kV.

Fig.1 Schematic diagram of PSII system used in the
experiment: (1) vacuum chamber (2) turbo molecular
pump (3) gas inlet system (4) antenna (5) metal grid (6)
sample (7) high voltage pulse generator

2.3 Instrumental evaluation

A Physical Electronics model PHI 7200
TOF-SIMS/SALI instrument, with the Cs” ion gun
operated at 8 keV, at an ion current of 1 nA, was
used for the TOF-SIMS study; the analysis spot
size was approximately 50 pm in diameter.
Charge neutralization was used when modified
polymer plates were analyzed. XPS spectra were
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obtained by use of a Physical Electronics model
PHI 5800 spectrometer with monochromatic AIK,
radiation of the power of 350 W at focused mode.
Charging of the polymer samples, as a result of
photoemission, was corrected by setting the
energy of the main hydrocarbon component of the
Cls spectrum at 284.6 eV for MPPO. A pass
energy of 23.5 eV was employed for all spectra.

3. Results and Discussion

PSIT was used to evaluate the possibility of
reducing the surface resistivity of polymer films.
Fig. 2 shows the dependence of the surface
resistivity for poly(ethylene terephthalate) (PET)
and modified poly(phenylene oxide) (MPPO) on
ion species at an ion energy of 30 keV for 5 min.
treatment time. For poly(styrene-butadiene
copolymer) (PS-BD) an ion energy of 20 keV was
used to reduce thc surface resistivity without
severe heat deformation of the surface. Several
different ion specics, including N», O,, Ar, and Xe
were implanted in a variety of polymers, resulting
in a significant reduction in surface resistivity.
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Fig. 2 Surface resistivity of PET, PS-BD, and
MPPO after 20 or 30 keV PSII with different ion
species

It was observed that, in general, PSII reduced
the surface resistivity of the polymers and that the
extent of the decrease varied with the nature of the
ion species. The surface resistivity of the
untreated polymers was approximately 3x10'
Q/sq. Overall, Xe gas had the most significant
effect on the polymer studied. The surface
resistivity of PS-BD was reduced by more than
cight orders of magnitude when the polymer was
treated with Xe gas. Inert gases such as Ar and Xe
had better effect than reactive gases such as N> and
0,. The electrical properties were apparently
related to the degree of cross-linking double bond
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formation, and ion spccies with a large electronic
collision cross-section, c¢.g. Ar and Xc, are
expected to induce more cross-linking and
unsaturation, which increases conductive paths.

Fig. 3 represents the surface resistivity of a
treated PS/BD film as a function of the grid height
above the polymer surface. At 20 keV ion energy,
the surface resistivity of PS-BD decreased to
about 6 x 10° Q/sq. with a color change to dark
brown. A considcrable difference in the surface
resistivity was observed by employing a grid
regardless of ion dose. The surface resistivities of
the treated samples in the presence of the grid
decreased by 3-6 orders of magnitude uniformly
independent of the post height.
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Fig. 3 Surface resistivities of Ar implanted PS/BD
at a center area as a function of the post height

For the sample treated without the grid, the
surface resistivity of the PS-BD sample did not
decrease after treatment at a dose of 1 x 10'°
ions/cmz, but decreased by S orders of magnitude
ata dose of 5 x 10'® ions/cm”. The use of the grid
enabled to prevent the ineffective potential drop
and charging on the polymer surface. Because a
conductive  grid makes ions accelerate
perpendicularly to the sample, the polymer sample
yields more uniform and lower resistivity than that
treated without the grid. The lower resistivity of
the sample treated with the grid is possibly related
to the larger sheath size and the implantation with
fully applied potential.

Ar and Xe plasma ion treatments of MPPO
sample resulted in a drastic reduction in the
surface resistivity. As expected, on the basis of
MPPO polymer composition, the XPS survey

spectrum revealed the presence of carbon and
oxygen. In Fig. 4 we illustrate, by means of
curve-fitted Cls corc level spectra, the carbon
functionality of MPPO surfaces undergoing Ar- or
Xe-PSH treatment. The fits are based on reference
measurement of poly(2,6-dimethyl-1.4-phenylene
oxide) (PDMPO) by Beamson and Briggs [18].
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Fig. 4 Deconvoluted Cls XPS spectra of MPPO
obtained (A) as received;(B) after Ar PSII treatment;
(C) after Xe PSII treatment

The spectra reveal that Ar- and Xe-PSII
increase the number of double bonds or the
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amount of graphite carbon on the polymer
surfaces, as indicated by the higher intensity of the
corresponding peaks, labeled C=C for MPPO,
compared with the peaks obtained from the
untreated polymers. The increase of the C=C peak
is much larger for Xe-treated MPPO than for the
Ar-treated sample. The spectra also show that the
peaks assigned to the C-C (or C-H) bond and the
C-O bond for the treated surfaces decrcase much
more than for the untreated surfaces. This result
means that C=C double bonds or graphite carbon
are closely related to surface resistivity.
Contributions from the aromatic w-m* satellites
disappear from the Cls peaks after treatment (not
shown in the figure).

The negative ion TOF-SIMS peak intensity
ratios, and the surface resistivities of the modified
MPPO are given in Table 1. The positive ion
TOF-SIMS spectrum of the untrcated MPPO is
dominated by the intense characteristic peaks at
m/z 77, 91, and 103 (C¢Hs", C;H;", and CyH5",
respectively) whereas intensities of those peaks
are much Jower in the spectrum of the treated
surface. For Ar- and Xe-treated samples the peak
ratios C,/OH", C,H/OH", C;/OH", and C4/OH’,
are larger in the negative ion TOF-SIMS spectrum.
As the peak ratios C./OH", C.H/OH", C;/OH’,
and C,7/OH" increase the surface resistivity
decreases. The C,', C,H', Cy7, and C; peaks might
be associated with graphite carbon or double
bonds formed on the surface after surface
modification. Peak intensity ratios were obtained
by integrating the pcak areas of the two fragment
ions. From the tabulated data it is obvious that the
amount of graphite carbon or double bond carbon
species on the treated surface increased and that
the original MPPO structure was substantially
modified by the trcatment.

Table 1. TOF-SIMS peak intensity ratios, and surface
resistivities for MPPO as a function of the working gas

TOF-SIMS Surface

Resistivity

G/ GCH/ Cy/ Cq/ @ /sq)

OH OH OH OH 9
Untreated 1.02 1.33 0.06 0.04 2.7x10"
ArPSII 1.17 1.38 0.11 0.15 6.0x10’
XePSII 1.67 1.59 0.14 0.17 4.0x10°
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4. Conclusions

The electrical properties of PET, PS-BD, and
MPPO treated by PSII with a mesh-type
conducting  grid  were investigated by
measurement of surface resistivity. The effect of
low-pressure plasmas of oxygen, nitrogen, argon,
or xenon on the surface resistivities of the
polymers was studied. Depending on ion energy
and trcatment time, surface resistivities of MPPO
were reduced by several orders of magnitude.
Intense inert gas ion bombardment led to more
conductive and stable surfaces as a function of
aging time. The Ar- and Xc-PSII treated MPPO
were characterized by XPS and TOF-SIMS.
TOF-SIMS and XPS data indicated the formation
of double bonds or graphite carbon on the MPPO
surface after treatment and were correlated with
the decrease in the surface resistivity of the treated
surfacc,
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