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A new, direct metallization method of a thermosetting| Experimental
allylated poly-2,6-dimethyl-1,4-phenylene ether (A-PPE) Chemical

resin for manufacture of printed wiring boards is pro-

Using Sulfonation

of Thermosetting

Ether Resin Laminate
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Procedure
Roughing & Sulfonation
of the A-PPE Resin Surface

posed. The A-PPE resin surface was roughened by theThe allylated poly-phenylene ether(A-PPE) resin laminate,
potassium permanganate/sodium hydroxide mixed solu- which has the following structural formula, was usddhe

tion treatment. The sulfo group, as a cation exchang
group, was introduced onto the A-PPE resin surface vi
sulfuric acid treatment. The amount of adsorbed coppe
ions increased with increasing sulfuric acid concentra
tion, and was 1000 nmol/crhfor the sample treated with
18 M sulfuric acid at 70°C for five min. The thickness of
the thin copper film formed after the reduction process
was estimated to be 71 nm. The test samples permit dire
electroplating of copper at a current density of 2 A/dm

Recently, much importance has been attached to the prg
of environmental pollution. The use of electroless coy
plating becomes increasingly difficult because of the us

harmful formaldehyde and the problems associated
waste treatment of chelating agents in spent solutions
electroless plating processes are known for a conductive
such as palladium colloid, conductive polymer, or grap
for direct plating to a circuit board.

The electronics industry is constantly searching for
ganic materials with low dielectric constant and high g

transition temperature for printed wiring boards. Thermi

plastic poly-2,6-dimethyl-1,4-phenylene ether (PPE)
chemically modified into thermosetting allylated PPE wi
out sacrificing its superior properties, such as low diele
constant, high glass transition temperature, and low W
absorptiort.

In this paper, a new method for the formation of a {
copper film on a thermosetting allylated PPE(A-PPE) r¢
laminate through surface modification by sulfonation,
lowed by adsorption and reduction of copper ion will
reported.

Fig. 1—Surface
morphology of
untreated (left) and
treated (right) A-PPE
resin laminate
roughened with

0.3 M potassium
permanganate/6 M
sodium hydroxide
solution at 100°C for

50 ym

A-PPE resin surface was roughened with alkaline permanga-
nate etchant. Each sample of the A-PPE resin laminate was
immersed in 10 to 18 M sulfuric acid at a temperature of 40
to 70°C, thoroughly rinsed,then dried. The degree of sulfona-
tion on the A-PPE laminate surface was determined with an
FTIR spectrometer equipped with a microscope, using an
ATR objective (diamond). ATR spectra in the 2000 to 700
ctcm® range were obtained by co-adding 100 scans at4 cm
resolution with a narrow bandpass HgCdTe (MCT) detector.

Adsorption, Reduction Treatment
b#nCopper lon &Peel Strength
peach sample of the sulfonated A-PPE resin laminate was
eiofmersed in 0.05 M copper sulfate solution for 5 min to
wétsorb the copperions. After rinsing, the copper-ion-adsorbed
Haenples were immersed in sodium borohydride (NaBH
fisoJution for 10 min, to reduce the copper ions to a thin copper
hifiém on the laminate surface. The surface conductivity of the
reduced copper film was measured with a digital multimeter.
or-
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Fig. 2—FTIR ATR spectra of thermosetting A-PPE resin laminate surface:
(o) A-PPE; (@) Triallyl-1,3,5-triamino-2,4,6-trione.
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Fig. 3—Change in amount of adsorbed copper ions with sulfuric
treatment at 70°C for 5 min.

The adsorbed copper ion on A-PPE resin laminate

extracted from the laminate with 5-percent nitric acid sg

tion to determine its content by atomic absorption spectr
eter. Each copper film sample (size 30 x 100 x 2 mm)
used as a cathode for electroplating. Two plain copper s
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didg. 4—Relation between concentration of sodium borohydride and
conductivity of A-PPE surface treated by reducing process &£26r 10
min.
wlasic acid concentration. A 1000 nmol/&@u? adsorption
Iwas observed when the surface was treated with 18 M sulfuric
pacid. Using the copper lattice constant, 0.362nm, the thick-
wasss of the thin copper film formed after the reduction process
aeds estimated to be 71 nm.

were used as anodes. Electroplating of copper was carrigd o@amples with adsorbed copper ions were treated with
galvanostatically (cathode current density 2 A)din an | sodium borohydride solution for five min to reduce copper.
electrolyte containing 0.25 M copper sulfate, 2 M sulfurieigure 4 shows the results of the surface conductivity. The

acid and proprietary additives with air agitation, until
deposited copper films grew to pdn. Their peel strength
was determined by the 9peeling test.

Results  &Discussion
Chemical roughening and sulfonation of the A-PPE re
surface (Fig. 1) shows the surface morphology of A-H
resin laminate roughened with 0.3 M potassium perman
ate/6M sodium hydroxide solution at 106G for 20 min.
Figure 2 shows the FTIR ATR spectra of A-PPE re
laminates treated and untreated with 18 M sulfuric aci
70°C for seven min. According to these spectra, the strug
of A-PPE resin appeared at 1602, 1420, 1376, 1304, and
cm?, respectivelyt.Infrared absorption for the triallyl-1,3,5
triamino-2,4,6-trione, a setting and cross-linking agent,
peared at 1677, 1448, and 1303'cdmhe O-C-O mode of the
asymmetric and symmetric stretching appeared at 1184
1018 cmt, respectively. The intensity of these peaks

creased remarkably with the sulfuric acid treatment, and
peaks appeared at 1428 and 1157'chhese peaks wer
assigned to the R-O-S® mode of the asymmetric an
symmetric stretching bands. It is therefore obvious that
sulfo group, as a cation exchange group, was introduced
the A-PPE resin laminate surface through sulfuric acid tr
ment.

Adsorption, Reduction Treatment

hemaximum value of the conductivity was 150nS/sq when
samples were treated with 0.01 M sodium borohydride. The
surface appearance of these samples was bright metallic
copper. All test samples were subjected to pull tests from
direct electroplating of copper at cathode current density of
sSA/dn.
PEFigure 5 shows the relation between peel strength and
ganifonation time. The value of the peel strength decreases
with increasing sulfonation time. It was found that 0.6 kgf/cm
simas required when the surface was treated with 18 M sulfuric
0 a&tid at 70°C for five min. The peel strength decreases with
tunecessive sulfonation time because of dissolution of the
1d@ighened resin surface.
The processes mentioned above, that is, the introduction of
a@n ion exchange group to a plastic substrate, adsorption of
> metal ions, and the conversion of adsorbed ions to metals,
and

of Copper lon &Peel Strength
The A-PPE resin laminates were immersed in sulfuric
solutions at 7C°C for five min, then immersed in 0.05

copper sulfate solution for five min to adsorb the copperions.
After rinsing, the samples were used to determine the copper
ion adsorption by dissolving them with 5-percent nitric acid
and to determine the ion concentration by atomic absorption
spectrometer. The results are shown in Fig. 3. The amouynt of
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adsorbed copper increases exponentially with increased stile- S—Effect of sulfonation time on peel strength.
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metal oxides or metal sulfides, would also be useful for the
metallization of plastics, preparation of semiconductor mate-
rials and metallic clusters.

Summary

A new method for forming a conductive film on an A-PPE
resin laminate was proposed in this paper. The sulfo group, as
a cation exchange group, was introduced on the A-PPE resin
laminate surface through sulfuric acid treatment. The amount
of adsorbed copper ions increased with increasing sulfuric
acid concentration, and at a rate of 1000 nmdlafreurface

with 18 M sulfuric acid at 70C for five min treatment.

The sample gave maximum conductivity of 150 nS/sq was
obtained when the Ctadsorbed surface was treated with
0.01 M sodium borohydride. The appearance of the reduced
resin surface was bright metallic copper. All test samples
permitted direct electroplating of copper at a current density
of 2 A/dn?.

The value of the peel strength decreases with increasing
sulfonation time. Peel strength of 0.6 kgf/cm was obtained
when the resin surface was treated with 18 M sulfuric acid at
70 °C for five min.

Editor's note: Manuscript received, September 1997.
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