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Abstract

An out line of the material process with using the atmospheric pressure glow plasma is described as
follows; (1) TiO powder coating with SiO; (2) Surface treatment of Fluorinated polymers and 3)
Surface cleaning of electronic circuit board with using splay type.

1. Introduction

We previously reported that surface treatment
and thin film deposition could be carried out with
the atmospheric pressure glow plasma (APG)
process. M. Kogoma and coworkers have devel-
oped the APG process since 1987" ?. This approa-
ch can reduce apparatus costs and can also be ap-
plied to high vapor pressure substances such as
gum, powders and bio-materials®. A stable glow
discharge at atmospheric pressure requires: (i)
The use of helium or argon for dilution of carrier
gas; (ii) The insertion of a dielectric insulator be-
tween the electrodes in the discharge gap; (iii)
The use of a high frequency, at least higher than
1kHz. Normally the processing rate is dependent
on the applied frequency because the discharge
current should have one or two pulses per ‘half
cycle in low frequency APG discharge® * ¥. How-

ever, the termperature rise inside the discharge

zone due to the increase of the discharge freque-
ney restricts the maximum applied frequency.
In the syrposium, we will present some appli-

cations to the industry as shown in bellow.

1. 1 Powder coating

Some kinds of pigments that are used for cos-
metics give rise to a skin irritation problem when
they contact the skin directly. To solve this prob-
lem, it is more desirable to deposit a silica thin
film, which has chemical stability and doesn’t
spoil the tones of the pigment owing to its color-
less transparency. Some previous studies reported
powder treatment with glow plasma at a low pres-
sure. However, since handling of powders is diffi-
cult, we consider that treatment of powders with
low-pressure glow plasma is impractical. So we
tried to use atmospheric pressure glow plasma for
powder treatment®. In this study, we used two

kinds of powder samples; TiO for black pigments
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of cosmetics. The powder is deteriorating easily
by heating or attack of active species such as oxy-
gen radicals in the plasma. Therefore, it needs a
low temperature (less than 100 °C) treatment and
some ways to protect them from active species or
oxidation in the plasma. Then, we investigated
and developed silica and TiO, deposition methods

for each pigment.

1.1.1 Experimental

The diameter of powder particles is few hun-
dred nm. The powders were pre-treated with
TEOS (tetraethoxysilan) - ethanol mixture aero -
sol to adsorb TEOS on the surface of particles.
After drying the ethanol, the powder is oxidized in
the plasma reactor. The schematics of discharge
reactor have shown in the recent report®.

The powder is supplied on the top of ultra sonic
vibrating horn, and then spattered to the plasma
zone with gas flow. The aggregated particles are
going to the single particles with the ultra sonic
vibration. After treating in the plasma, the pow-
der is accumulated in the powder pool and recy-
cled in the plasma system to have desired deposi-
tion. The discharge conditions is as follows: dis-
frequency : 13.566MHz, power . 300W,
treatment time : 15min, O./He gas flow rate :
10m1 / 3000ml

charge

1.1.2. Results and discussion

1) TiO powder treatment with TEOS in the O,
/He plasma
Figure 1 shows the ESCA spectrum of treated
TiO particles oxidized in the O,/He plasma. In the
figure, we can fine Si** peak, which is assigned as
Si0..
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Fig. 1 shows the ESCA spectrum of treated TIO
particles oxidized in the O,/He plasma. In the
figure, we can fine Si** peak, which is as~
signed as SiOs.

Figure 2 shows Si and Ti elemental concentra-
tlon ratios measured by ESCA as a function of
SiOz concentration measured by XRF. In the fig-
ure, Si/Ti is directly proportional to the SiO. con-
centration. Normally, XRF signal intensity is in
proportion to the total concentration of deposited
material. On the other hand, ESCA peak heights
only show the surface concentration of the ele-
ments. So, in this case, Si0; is deposited on the
particle surfaces with good homosinity. The
amount of deposited SiO. can controlled by the
concentration of TEOS in the solvent ethanol at
the adsorbing process.

At the dispersibility test in water, because of
the particle surface charging, untreated TiO pow-
der sunk immediately in to the de-ionized water.
But, treated TiO powder did not sink until longer
than few ten hours. For the application, when the
stain process is carried out on a substrate, the di-
spersibility of fine powder in water is very impor-
tant factor. It seemed that after covered with
Si0,, & potential of the particle surfaces are
changed from that of TiO (0 volt at pH 6) to SiO,
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Fig. 2 shows Si and Ti1 elemental concentration
ratios measured by ESCA as a function of
SiO; concentration measured by XRF.

(0 volt at pH 3). So, the SiO; coated particles dis-
persed in neutral water (pH 7).

In the pigments for cosmetics, which is coated
with TEOS, uncompleted dissociation residue give
bad smell and also irritate the human skin. In fig-
ure 3, surface residual carbon concentration of

treated TiO is decreased with plasma oxidation.
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Fig. 3 In figure 3, surface residual carbon concen-
tration of treated TiO is decreased with
plasma oxidation.

Figure 4 shows the ESCA spectrum of unheated
and heated (450 °C) TiO. In comparison of both
spectrums, the peak of Ti*" is lost in heated spec-
trum. The naked TiO powder will be easily oxidiz-
ed in the high temperature stain process on the
substrate of electronic display panel and change
the color from black to white. After coated with
silica, the powder did not change the color by he-
ating in 450 °C, 30 min.
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Fig. 4 Figure 4 shows the ESCA spectrum of unhe-
ated and heated (450 C) TIC.

1. 2 Surface treatment of Fluorinated poly~

mers?

Fluorinated polymers, such as polytetrafluoroe-
thylene (PTFE), have been used as typical inert
materials for many situations, such as packaging
materials. They, however, have a big problem:
the difficulty of the adhesion. Some agents, which
contain metallic sodium, are often used for sur-
face treatment of these polymers to improve the
adhesion. However, this treatment needs a large
amount of cleaning water and the disposal of
much waste fluid. Moreover, their surfaces beco-

me blackish through the wet treatment. So a new
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dry process instead of the wet treatments has

been desired.

1.2.1 Experimental

For the treatment, we used the capacitive cou-
pled plasma chamber shown in Fig. 1. The fluori-
nated polymer samples used in this study were
PTFE (NILACO Co., Ltd., t=0.125) and PFA (pe-
rfluoro-alkyl group) (NILACO Co., Ltd., t=0.05)
films, whose sizes were 20 mm [ ] 40 rm. The
plasma was generated with a 100 kHz power sup-
ply at 50 W. We tried to use two treatment meth-
ods 1) A sample film was treated with He plasma
(60 W) for 10 minutes. Then it was soaked in 5%
TMB (trimethoxyborane) /n-butanol solution and
was dried in air. Lastly, it was treated with 0.5%
H2/He plasma. 2) A sample was treated with 0.13
% TMB/1%H2/He plasma. TMB was supplied via
bubbling of TMB by He gas. Hereafter, we call
these methods “Abs-borane” and “TMB/H,/He

plasma”, respectively.

1.2.2 Results and discussion

Table 1 shows the plasma treatment conditions.
Fluorinated polymers have low adhesive strength
because their surfaces are very flat and are cov-
ered with fluorine atoms.

Figures 2 (a) - (b) show the variation of the

atom number ratios of F/C and O/C observed

Table 1 The plasma treatment conditions.

Discharge frequency 100 kHz
Discharge power 50 W
Distance between the electrodes 5 mm
Treatrent time 0.5~ 10 min
Flow rate of He 2000 cm’min™!
Flow rates of H, 10, 20 cm®min™!
Flow rate of He (for bubbling) 20 em®*min ™!

from XPS. Though boron atoms were detected by
XPS, B/C values were less than 0.1, and the rela-
tion between B/C and peel force was not found.

Thus, we neglected boron on the treated sam-
ple surface in this study. And although PFA sam-
ples ought to contain one oxygen atom in their
unit structure, we found only quite small the O
peak and a slight peak assigned to C-O bond in
the Ci. So O/C value of untreated PFA in Fig. 2
(a) is near to zero, this value was approximately
same as that of untreated PTFE, which was slfght
oxidized in the atmosphere. The reason of this
result was not clear.

Figures 5 (a) - (b) show the results of peel
tests of PFA and PTFE, respectively. The adhesi-
ve forces of PFA and PTFE treated by plasma
were about 230 and 270 times stronger than the
forces of untreated films, whose values were 0.004
and 0.006 kg - 20 mm™". In addition, the results of
PFA showed the higher force values than the
controls, while those of PTFE showed lower val-
ues. Then we treated PTFE with 0.25%0,/He
plasma, which was the most effective treatment in
a previous study®. However, the peel force of 0.25
9%0./He plasma-treated PTFE was lower than

100 kHz
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-
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FIg. 5 Schematic diagram of the interior of the
capacitive coupled reactor.
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that of TMB/H2/He plasma-treated PTFE. Thus,
TMB/H2/He plasma treatment was the most effe-

ctive treatment in this study.

1. 3. Surface cleaning of electronic circuit
boar dwit h using splay type APG reactor®
Some organic impurities on the printing wiring
surfaces have a bad influence on the metal con-
tacts. The plasma treatment or ashing in a low
pressure has very fast treatment to remove such
impurities. However to insert this method in to a
assembly line in the atmosphere is hardly used.
We had already found that Atmospheric Pressure
Glow Plasma (APG) had enough ashing rate to
remove the organic impurities with using cylin-
drical spray type discharge reactor to treat small
area”. Now we propose new type reactor that can

treat wider area than that of the recent one.

1. 3. 1 Experimental

The spray-type reactor used in this study,
shown in Fig. 1, was a capacitively coupled reac-
tor, comprising two quartz glass plates between
the electrodes. The discharge volume could be
varied from 3.00 cm® to 5.25 cm® by changing the
electrode height from 20 mm to 70 mm. The elec-
trode width was 50 mm. We can change the dista-
nce between the quartz glass plates from 1.5 mm
to 0.5mm. A rectangular slit, of dimensions 0.5
mm X 50 mm, was located at the bottom of the
reactor.

The ashing treatments were carried out as fol-
lows: O diluted with He (or Ar) was introduced
from the top of the reactor and made to pass
through the discharge zone, following which it
blew over the sample, all at atmospheric pressure.

Table 1 shows details of the discharge conditions.

We used a photoresist, OFPR-800 (Novolak Resin,
Tokyo Ohka Kogyo), to simulate an organic im-
purity in this study®. The ashing rate was calcula-
ted from the resist thick nesses before and after
ashing, which were measured with a surface pro-
file measuring system (DEKTAK IIA, Sloan).

2. Results and discussion

First, we examined the relationship between
the ashing rate and the gas velocity. The dis-
charge power was adjusted to maintain the power
density at values of 100 and 140 Wem ™ for the O,
/He and O,/Ar mixtures, respectively. Figures 2
(a) and (b) show the variations of the ashing
rates as a function of the transit time for different
gas flow rates, when using the O,/He or Oy/Ar
mixture, the transit time being calculated from
the distance and the gas velocity®. Both figures
show that the ashing rates decreased exponentia-
lly with increasing transit time, and that all the
measured data fell on a single straight line plot,
even when the gas velocity was changed. This in-
dicates that an increase of the gas velocity merely
reduces the transit time. Moreover, the ashing
rate at the slit (where the transit time is zero.)
was determined by the residence time of gas in
the discharge zone and the power density. There~
fore, the ashing rate would be raised significantly
by increasing only the gas velocity; we thought
that the simplest way to achieve this would be by
narrowing the slit gap. The slopes of the lines in
Figs. 2 (a) and (b) are -1.1X10°s 'and -1.3x 10°
s~!, respectively, smaller than those in our previ-
ous study, where the respective slopes for He/O;
and Ar / O, mixture were about -5.0X10°s™" and

-1.9%X10% s7'®. Since the drop in the ashing rate
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presumably arises from a reduced density of acti~
ve species, such as oxygen radicals, impinging on
the sample surface, this result suggests that pro-
cesses leading to losses of active species were re~
duced by changing the reactor structure.

Figure 4 shows a typical spectrum of the O./He
plasma. Almost all OES peaks can be assigned to
helium or oxygen atoms. We have also compared
the variations of the emission intensities to those
of the ashing rate as a function of the O, concen-
tration in the mixture, as shown in Fig. 5, we
found that two peaks, assigned to He 3p°P-2sS
(388.8 nm) and O *d°D-3p°P (926.5 nm), displa-
yed a variation similar to that of the ashing rate.
Although the curves of the emission intensities do
not overlap perfectly with that of the ashing rate,
the maxima all occur at the same O concentra-
tion. Therefore, the optimum ashing rate can be
found simply by looking for OES maxima while
changing a plasma parameter such as O, concen-
tration, a result which confirms the practical

value of OES measurements.

3. Conclusion

Atmospheric Pressure Glow (APG) Plasma can
treat many kinds of solid materials such as pow-
der, film and fine polymer tube as same situation

as in the low pressure plasma. However, the APG

plasma processing is able to use in atmospheric
ambience, therefore it has an advantage in the
point of view of the industrial application com-

pared with low-pressure plasma.
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