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Abstract

Poyethylene(PE) films could be modified by radiation grafting of N-vinyl pyrollidone(NVP) using radiation.
FTIR spectra was used to confirm the modification of PE films. The modified films were activated by
one-step or two-step methods for electroless Cu plating. Morphology of metallized films has been
investigated. Electroless Cu plating onto the modified films depends mainly on the grafting degree and
activation type. The electrical conductivity and adhesion of the metallized films has been investigated and

tested in regard of grafting degree of samples.
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Introduction

Copper metallization of polymer has been of
great interest to the microelectronics industries
[1, 2]. There are several techniques for metal
depositions on surface of polymeric materials
such as evaporation, sputtering, electroplating
and electrolysis. However, due to the surface
inertness of the most polymers the adhesion
strengths between the metal and plastic is
inadequate for practical applications [3-6]

Electroless Cu plating technique has been
widely used in the automotive and electronics
industry for the metallization of plastics due to
its advantages like selectivity, its ability to plate
the deep places and vais, low coast, and can be
performed at room temperature [7].

Radiation grafting is one of the promising
modern methods for the modification of
polymers due to the wide variety of the appli-

cations as membranes, catalysts, electronic mate-
rials, etc [8, 9].

The aims of this work is to make Cu metall-
ization of PE films modified by grafting of NVP,
investigation of the surface activation methods
and study of morphology of metall- ized films in
addition to preparing the conductive polymer for
application of micro- electronics with their con-
ductivity measure- ments and investigations of
large sized films.

Results and discussion

Surface metallization of PE films can be
performed through the sequence steps listed in
Scheme 1. Firstly, PE films were subjected to
radiation in presence of NVP to modify the
surface of PE. The modification of PE surface
was confirmed by FTIR spectra (figure 1). It can
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be seen that the spectrum of modified films is
characterized by appearance of the new band at
1659 cn”, which is typical for carbonyl group of
NVP.
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Schem 1. Steps of surface metallization of PE films
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Fig. 1. FTIR spectra of PE (1), PE-g-NVP at absorbed
dose 54 kGy (2), and PE-g-NVP at absorbed dose
162kGy(3)

The grafting degree of NVP as a function of
the absorbed dose has been studied and the
results are shown in figure 2. It can be seen that
the grafting degree increases with increasing of
absorbed dose resulting in higher concentration
of NVP content on the PE surface.

Grafting degree, %
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Absorbed dose, kGy

Fig. 2. Dependence of grafting degree on absorbed
dose

Electroless Cu plating was performed with the
modified PE films with different grafting degrees
after activation by SnCl2. It was noticed that the
electroless plating rate increases with increase of
grafting degree (figure 3). This can be explained
by enhancing of polycomplex formation between
Pd ions and NVP species on the surface in
activation step resulting in more active catalytic
surface for the plating process.

Electroless plating rate, nmmr

Absorobed dose, kGy

Fig.3 Dependence of electroless plating rate on
activation type

Activation of the modified films was
performed by two methods one-step and
two-step activation. In two-step method, the
polymer surface was immersed successively in
SnCl, solution where the Pd ions displaced the
Sn ions according to the equation (1) with the
formation of catalytic surface of Pd metal atoms
[10}.

Pd? + Sn” = PpPd® + Sn™ o)

The one-step process is based on colloidal
catalyst composed of mixed tin-palladium co-
lloid. However, SnCl, is not active catalyst for
electroless process. So it is important to develop
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tin free bath to avoid the side effects of tin. In
this case, the reduction of Pd ions will take place
in the electroless copper bath consuming longer
time to form catalytic surface with Pd metal
atoms [11]. Figure 3 demonstrates the effect of
activation type on the electroless plating rate. It
was found that the two-step activation is more (B-2 of group-B)
effective than the one-step activation.

The surface morphology of metallized films
modified by different grafting degrees is shown
in figure 4(a, b). The white clusters representing
metallic copper in both sample photographs
demonstrate good coverage and uniformity of
the deposited metal, which was formed more in
(b) than in (a). Moreover, microanalysis of
metallized films shows that the atomic percent of
Cu metal on the film surface is 99.8%.

(C-2 of group-C)

(C-3 of group-C)
Fig 5. Photographs of metallization samples.

For the investigation of electric conductivity
Fig. 4. Morphology of the metallized films with and adhesion of the grafted and metallized PE

grafting degree 52% (a) and 98% (b). films, those were prepared with group-A of pure
polyethylene, and group-B of polyethylene films
grafted with NVP at lower grafting degree of B-1
and at higher grafting degree B-2. Also, polye-
thylene films of group-C grafted with NVP and
followed by metallization at lower grafting deg-
ree of C-1, at medium grafting degree of C-2 and
at higher grafting degree of C-3 were prepared.
(group-A) Finally, those were investigated and tested by
electronic multimeter and vacuum tester. The
adhesion property of electroless plating of me-
tallization was normally good enough for all
kinds of PE samples, however, the electric con-
ductivity could be found only on the PE samples
of group-C as like with normal metal films after
medium to higher grafting degree of C-2 and
(B-1 of group-B) C-3 samples.
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Conclusion

It was investigated and confirmed by the
method of radiation grafting with N-vinyl pyr-
ollidone(NVP) using v-ray radiation to prepare
the thin metal film on the flexible polyethylene
films for the useful application in many kinds of
microelectronics. )

FTIR spectra was used to confirm the modi-
fication of PE films, and the modified films were
activated by one-step or two-step methods for
electroless Cu plating on the polyethylene.

Morphology of metallized films has been
investigated with the white clusters on the fi-
Ims which was representing the metallic copper
in samples showing good coverage and uni-
formity of the deposited metal with the atomic
percent of 99.8% on the Cu metal film surface.

Metallization by electroless Cu plating onto
the modified films depends mainly on the gra-
fting degree and activation types. The electrical
conductivity and adhesion of the metallized fi-
Ims has been investigated and tested in regard
of grafting degree of samples. The adhesion
property of electroless plating metallization was
normally good enough for all kinds of pre-
pared PE samples, however, the electric con-
ductivity could be found only on the PE sa-
mples of group-C as like with normal metal
films after medium to higher grafting degree of
C-2 and C-3 samples with good availability in
practical use.
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