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C461
Direct plating of electroless Ni-P layers on Al-Ni alloy films formed on glass substrates was performed using magnetron-sputtered
deposition and ion beam-assisted deposition methods. Dissolution of Al from the alloy films occurred in the initial stage of the
plating process and resulted in enrichment of Ni on the surface. Since Ni acts as a catalyst for the Ni-P deposition reaction, Ni-P
deposition occurs on the alloy surface without zincate pretreatment. In the case of an Al-10Ni alloy film, however, Ni clusters
dropped from the Al-Ni alloy surface, and Ni-P particles grew in the plating bath, causing dissipation of chemicals in the bath.
Such particles also readhered to the surface, resulting in a nonuniform plating layer. A lower concentration of Ni in an alloy such
as an Al-3Ni or Al-1Ni alloy resulted in a rather smooth plating surface. In the case of a neutral plating bath containing a low
concentration of P, cone structures were formed in the plating layer. Such structures seem to form at the nucleation sites of Ni
deposition in the initial stage of the plating process.
© 2003 The Electrochemical Society.@DOI: 10.1149/1.1576770# All rights reserved.

Manuscript submitted June 24, 2002; revised manuscript received January 24, 2003. Available electronically May 12, 2003.

ss Ni-P plating on an Al film deposited on a substrate,
lass plate, has been required for manufacturing circuits

ctric devices. In some cases, wiring patterns have first
ced using an Al deposition method and then an Ni-P
r has been deposited to form a strong and thick electric-
layer. Since direct plating of metals on a substrate of Al
ue to the existence of an electrically insulating surface
zincate pretreatment has been used to replace the Al
a Zn layer. To initiate the plating process, the substrate

st be activated to mediate charge transfer, oxidation of
d deposition of Ni and P. It has been reported that Al,
xide or Zn formed by zincate pretreatment is not active
ctions.1 The initial deposition of Ni, therefore, occurs as
n reaction by Zn dissolution. However, the zincate pre-

ncludes a dissolution reaction of the Al substrate in a
d alkaline zincate solution and sometimes results in se-
ge to the Al film.2 The usefulness of various additives to
e dissolution of substrate Al in the zincate pretreatment
xamined. Direct plating of metals on Al films has also
en attempted to overcome these drawbacks in plating
In these works, pre-electrodeposition of metals in the

dic oxide films on Al was carried out to create a seed for
uent plating3,4 and the effectiveness of reducing agents
e plating solution for the activation of Ni deposition on
ce has been examined.5,6 Once Ni has settled on the
cts as an efficient self-catalyst for the electroless plating
d an Ni-P layer thus grows rapidly. However, since the
ition of Ni is not rapid enough for Ni to cover the entire
in a short time period, the substrate Al may be dissolved
stage of immersion.7 Such dissolution can cause a fatal
e case of thin Al-deposited films. Direct plating of an
Ni-P layer on an Al-deposited film would thus be useful

preventing degradation of the substrate but also for
the plating process in order to reduce the treatment load
l waste. In this paper, an alternative approach for direct
oposed. The concept of this study is very simple,i.e., an
d film is alloyed with a small amount of Ni, which is

initiate rapid Ni-P deposition without any pretreatment
to the plating bath.

Experimental

y films, each with a thickness of 0.5mm, were depos-
s plates using the magnetron sputter deposition technique

~MS film! and the ion beam-assisted sputter deposition technique
~IB film !. The equipment and conditions used for deposition are
described in our previous paper.2 In the case of an MS film, a small
Ni plate was placed on an Al target for co-sputtering and co-
deposition. The concentration of Ni in the Al-Ni alloy was changed
by changing the size of the Ni plate. The specimens were rinsed in
ethanol using an ultrasonic cleaner and subjected directly to electro-
less Ni-P plating. Two kinds of plating baths were used. One was an
acidic bath with pH adjusted to 4.6~Melplate NI-422, Meltex Co.!.
The plating layer deposited in this bath has an amorphous structure
with a P content ofca. 11% in weight ratio.7,8 The other was a
neutral bath with pH adjusted to 6.4~Melplate NI-426, Meltex Co.!.
The plating layer deposited in this bath has a crystalline structure
with a P content ofca. 2% in weight ratio. The plating temperature
was 358 K. Surfaces and cross sections of the specimens were ob-
served by using a field emission scanning electron microscope~FE-
SEM, model JSM-6300F, Jeol Co.! after plating. Cross-sectional
images were observed by cracking a glass specimen after plating.
By fluorescence X-ray spectroscopy analysis, the concentrations of
Ni in the films were determined to be about 1%~Al-1Ni !, 3% ~Al-
3Ni!, and 10%~Al-10Ni! in atomic ratios for the MS films and
about 3% for the IB films.

Results and Discussion

Figure 1 shows SEM images of an Al-10Ni film after direct Ni-P
plating in an acidic bath for 3.6 ks. The thickness of the plating layer
was about 3mm, considerably less than the thickness of about 10
mm predicted from the plating conditions. A magnified image of the
cross section is shown in Fig. 1c. It can be seen that the plating layer
is composed of a granular structure in the upper part and a uniform
layer in the bottom part. The surface is covered not only by a plating
layer but also by spherical particles. Fluorescent X-ray analysis
showed that the composition of these particles was the same as that
of the Ni-P plating layer. The diameters of these particles ranged
from 1 to 10mm. Some of the particles were attached to the surface,
while others were embedded in the plating layer. As is described
later, the particles were also found to be formed during the plating
process in the bath.

Figure 2 shows the results for a neutral bath. As seen in Fig. 1,
many particles were observed on the surface of the plating layer.
Most of the particles were about 2mm in diameter. A magnified
image of the cross section~Fig. 2c! shows that the plating layer was
composed of a columnar structure growing in the normal direction
from the bottom to the substrate surface. Such a columnar structure
contains a small amount of P and is thus rather crystalline compared
with the plating layer formed in an acidic bath.10
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sults suggest that Ni-P particles grow in the plating bath
d in Fig. 3. In the initial stage of the plating process,
of the surface of an Al substrate continues at least until
is covered by an Ni-P plating layer.9 In the case of an

however, Ni is not dissolved and is thus enriched on the
e resultant Ni-rich surface provides many active sites for
the Ni-P deposition reaction. Some of the Ni clusters,

etach from the surface and then float in the plating bath.
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Figure 3.
ition also occurs on these floating Ni clusters, and an

SE
fte
causes dissipation of ions in the bath. Indeed, it was
at the green color of plating bath caused by the existence
faded considerably during the plating process of these
Consumption of ions in the bath reduces the efficiency

f the plating layer on an Al-Ni film compared with that
ithout particle formation, resulting in a thinner layer as
. 1 and 2.
m the formation of Ni-P particles in the plating bath, the
s sampled during the plating process and filtered using a
filter with a pore size of 200 nm. Figure 4 shows SEM
particles found on the membrane filter. These images
he particles tend to increase in size and number with

of the plating period. In the magnified image shown in
n be seen that some of the particles were broken, indi-
the Ni-P particles grew radially from the center in the
. This means that an Ni-P plating layer grows in a co-
on a flat surface of a substrate because the growth in a

tion is limited.
ioned above, the formation of Ni-P particles should be
o obtain a smooth plating layer and to avoid dissipation
g bath. For this purpose, the concentration of Ni in the

chanism of Ni-P particle formation.
rows. Because the plating bath is stirred, some of these
here to the specimen surface and become embedded in
Ni-P layer. The growth of a layer of Ni-P particles in the
M images of Al-Ni particles found in the neutral plating bath
r plating periods of~a, b! 60, ~c, d! 300, and~e, f! 2400 s.
M images of an electroless Ni-P layer directly plated on an MS
film in the neutral plating bath:~a! surface,~b! cross section,
image of the cross section.
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film was reduced. Figure 5 shows SEM images of Al-
1Ni films after plating in the acidic bath for 7.2 ks. It
ed that an almost flat surface was obtained. Small
aped projections were rarely observed on the surface,

hat embedding of Ni-P particles was still possible but
y occur. Ni-P particles were rarely found in the plating
lating. Suppression of the formation of Ni-P particles
Ni-P plating layer to grow efficiently on these alloy

spherical
posed of

M images of electroless Ni-P layers directly plated on MS
and Al-1Ni ~c, d! alloy films in the acidic plating bath:~a, c!
cross section.

Figure 7.
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shows SEM images of the bottom part of the plating
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ting layer formed on an Al-10Ni alloy film. Ni-P par-
not be found in the plating bath. On the plating layer

wever, many convex parts with small heights were ob-
he cross-sectional images shown in Fig. 6c and d, it can
t each convex part was the top of a cone-like structure

rmed in the plating layer. This structure started at the
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less deposition.7 These results suggest that the cone
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olumnar structure of Ni-P deposition tends to grow not
rmal direction but also in a lateral direction, as seen in
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mation of cone structures in the electroless Ni-P layer plated in
ath.
. 7d.
test was performed to evaluate the strength of adhesion
g layer to the substrate film. A steel rod was glued to the
ce and was then pushed down. In this case, the plating

t peel off from the substrate, and sufficient adhesion thus
ave been achieved. Once the plating layer had peeled off
ge of the specimen, however, the plating layer continu-
d off rather easily. The adhesion of a plating layer formed
y film is thus weaker than that of a plating layer formed

oy plate. This is because no anchor effect is expected in
direct plating described in this paper. In the case of an

ng sequence of an Al alloy, double zincate pretreatment
e surface and sometimes causes formation of pits. In the

electroless plating process, Ni-P deposition occurs
pits, thus providing strong adhesion between the plating
e substrate.9

Conclusions

lating of electroless Ni-P was achieved by using a
osited film of Al containing a small amount of Ni. To
ooth plating layer, the concentration of Ni in the alloy
be low. Since Al is dissolved in the initial stage of the
ess, the surface is enriched in Ni, even if the concentra-
low, and thus provides sufficient activity for the plating

the concentration of Ni is high~10% in atomic fraction!,
Ni drop off from the surface during the plating process,
the formation of Ni-P particles of spherical forms. This
ipation of chemicals in the bath and redeposition of par-
e plating layer to provide a nonuniform surface. How-
henomenon may be useful for the production of small
Ni-P. If Al-Ni films with low Ni concentrations are used,
lating layer can be obtained.
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