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Deposition of electroless Ni on micro-sized acrylic spheres
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Abstract In this work a thin film of electroless Ni was
deposited on the surface of commercial acrylic spheres
about 4 pm in size. After the acrylic spheres were
cleaned, sensitized and activated successively, they
were put into an acid plating bath containing sodium
hypophosphite as reducing agent for the electroless Ni
deposition. The acrylic spheres with a film of Ni
deposit were molded into a cold set resin and ground
and polished to form a cross section for observation.
The thickness of the Ni film was measured and the
state of the adhesion of Ni film to the surface of the
acrylic sphere was observed by a scanning electron
microscope. The results showed that the Ni film
deposited in a plating bath with pH 4.2 can tightly
adhere on the surface of the acrylic sphere due to the
compressive stress of the Ni film. The thickness of the
Ni film on the acrylic sphere can reach about 0.35 pm
in 3 min of deposition time at 50-70 °C of plating
temperature. The activation energy of electroless Ni
deposition in plating bath with pH 4.2 is about
28.50 kJ/mole. The acrylic spheres with a layer of
electroless Ni film deposited by the method proposed
in this work can be further applied to anisotropic
conductive adhesives in flip chip package.
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Introduction

It is more and more important and wide-spreading for
the anisotropic conductive adhesive (ACA) to be used
for electrical connection in the electronic package.
Because the ACA can conduct electricity along only
one direction vertical to the chip and cannot do along
the other two directions parallel to the chip, it can be
spread on the whole surface of a chip in the packaging
process. Therefore, the ACA greatly improves the
packaging work due to the lower working temperature,
shorter working time and smaller pitch [1, 2].

The ACA consists of electrically conductive particles
and an insulating binder. Metal particles and polymer
spheres coated with a metal film are the most important
conductive particles [3]. Under a better condition
electrically conductive particles should have equal size
and their quantity in the binder should be optimized so
that they cannot touch each other but can touch the
bondpads of the substrate and the chip for the electrical
conduction in one direction under an appropriate
pressure. After the insulating binder hardened at an
appropriate temperature the electrical connection
between the particles and the bondpads of the substrate
and the chip can be kept a long time [4, 5].

If polymer spheres coated with a metal film are used
as the electrically conductive particles of ACA, the
cost of ACA can be lowered and the contact area
between particles and bondpads can be increased due
to the plasticity of the polymer particles. The metal
film coated on the surface of the polymer spheres in
general consists of an inner layer of Ni and an outer
layer of Au. Au has better electrical conductivity and
anti-corrosiveness and Ni is used to improve the
combination between Au and polymer [6]. If the size
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of the electrically conductive particles is too large, the
pitch cannot be greatly shortened and if too small, it is
difficult for the particles to uniformly disperse in the
binder. Therefore, the size of the particles is in general
between 3 and 8 pum [6].

For improving the adhesion of the electroless metal
film to the polymer, the surface of the polymer
frequently modified before deposition by various
methods, such as chemical treatment, ion beam treat-
ment, plasma treatment, ozone treatment and graft
copolymerization [7-12]. After surface modification
the surface of the polymer is sensitized and activated
by a two-step process [13] in SnCl, solution and PdCl,
solution successively or by a one-step process [14] in a
mixed SnCl,/PdCl, solution. The surface of the poly-
mer is then deposited a metal film in an electroless
plating bath.

The electroless Ni deposit may have an intrinsic
stress due to hydrogen, phosphors and defects in itself
and an extrinsic stress due to the difference of thermal
expansion coefficient between deposit and substrate.
The intrinsic stress of the electroless Ni deposit is
primarily determined by the content of phosphor in
deposit [15-20]. The intrinsic stress can be changed
from tensile to compressive state as the phosphor
content increases [20].

Up to now the deposition of electroless Ni on micro-
sized acrylic spheres is seldom studied. In this work, a
thin film of electroless Ni was deposited on the surface
of commercial acrylic spheres about 4pum in size in an
acid plating bath containing sodium hypophosphite as
reducing agent. The phosphor content in Ni deposit
was controlled by the pH value of the plating bath in
such a manner that an electroless Ni film with
compressive stress could be obtained and tightly
adhered to the surface of the acrylic spheres. There-
fore, the acrylic spheres coated with a film of electro-
less Ni with a compressive stress can be well applied to
the ACA for the flip chip package.

Experimental procedure

The commercial acrylic spheres about 4 pm in size
were first cleaned up in deionized water with ultra-
sonic oscillation for 20 min. They were then sensitized
by dipping in SnCl, + HCl solution (40 g/l
SnCl, + 3 ml/l HCI) for 2 min, and activated by
dipping in  PdCl, + HCl  solution  (0.15 g/l
PdCl, + 3 ml/l HCI) for 30 s. The spheres were rinsed
with deionized water after each step. Then the
electroless Ni plating process was immediately carried
out. The plating bath composition and operation
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condition of electroless Ni deposition were listed in
Table 1. The plating bath contains nickel sulfate as
nickel ion source, sodium hypophosphite as reducing
agent, sodium succinate as complexing agent, and lead
nitrite as stabilizer. The pH of the plating bath was
adjusted with sodium hydroxide aqueous solution.

In order to measure the thickness of the electroless
Ni film on the surface of the acrylic spheres and
estimate the adhesion of the film to the sphere, the
acrylic spheres coated with a Ni film were molded into
a cold set resin and then ground and polished to form a
cross section for observation by a scanning election
microscope (SEM) (JEOL Ltd, JSM-T330A). The
measurement for the thickness of Ni film was carried
out in an image analyzer (LVM 100). The diffraction
pattern of the electroless Ni film were made by a
transmission election microscope (TEM) (JEOL Ltd,
JSM-2010) and the elements contained in the electro-
less Ni film were analyzed by the energy dispersive
X-ray spectrum (EDS) equipped in TEM.

Results and discussions

Figure 1 shows the SEM image of commercial acrylic
spheres of which sizes are about 4 pm. Shown in Fig. 2
are the acrylic spheres coated with a film of electroless
Ni that was deposited in a plating bath at 70 °C and pH
4.2 for 15 min. The acrylic spheres coated with a Ni film
look quite spherical and relatively large. But there are
some bumps of Ni deposits on their surface. Figure 3
shows the cross-sectional SEM image of acrylic spheres
coated with a Ni film that was deposited in an
electroless plating bath at 70 °C and pH 5.2 for
10 min. It is clearly seen that there are gaps with arc
shape between the surface of acrylic sphere and the
electroless Ni film. This means that the electroless Ni
film deposited in the bath of pH 5.2 cannot well adhere
to the surface of acrylic sphere. The reason for the bad
adhesion between acrylic sphere and electroless Ni
deposit made in the bath of pH 5.2 is very probably due
to the tensile stress in the electroless Ni deposit.

Table 1 The composition of electroless Ni-P plating bath and
the plating parameters

Composition of bath and plating parameters  Specifications
NiSO,4-6H,O 35(g/)
NaH,PO,-H,O 40(g/l)
N32C4H404'6H20 16(g/l)
Pb(NOs), 1 ppm

pH 52,42
Temperature (°C) 50, 55, 60, 65, 70
Time (min) 1,2,3,6,9, 12
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Fig. 1 SEM image of commercial acrylic spheres

Figure 4 shows the cross-sectional SEM image of
acrylic spheres coated with a Ni film that was deposited
in an electroless plating bath at 70 °C and pH 4.2 for
10 min. No any gap can be seen between the electroless
Ni film and the surface of the sphere. Therefore, a well
adhesion between the surface of acrylic sphere and the
electroless Ni film made in bath of pH 4.2 can be
obtained due to the compressive stress in the electroless
Ni film. Figure 5 shows the TEM bright field view of
acrylic spheres coated with a Ni film that was deposited
in an electroless plating bath at 70 °C and pH 5.2 for
30 min. The surface of the Ni film is quite uneven. The
diffraction pattern of the electroless Ni deposit in Fig. 5
is shown in Fig. 6, which confirms the film on the
surface of acrylic sphere is Ni metal with crystallite
structure. The compositions of electroless Ni films
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Fig. 2 SEM image of acrylic spheres with a film of electroless Ni
deposited in a plating bath at 70 °C and pH 4.2 for 15 min

Fig. 3 SEM cross-sectional image of acrylic spheres with a Ni
film deposited in an electroless plating bath at 70 °C and pH 5.2
for 10 min

made in bath of pH 5.2 and pH 4.2 are 89.3 at.% Ni,
10.7 at.% P and 79.7 at.% Ni, 20.3 at.% P, respectively.

Because the electroless Ni film made in bath of pH
4.2 could tightly adhere to the acrylic sphere, it was
then studied in more detail. In order to precisely
measure the variation of the thickness of the electro-
less Ni film made in the bath of pH 4.2 at various
temperatures and for various times, every thickness
was determined in such a manner that every cross
section was measured thrice along three different
directions with 120° of cross angle each other and ten
different cross sections were measured to get the
average. The results were listed in Table 2. Because
there were 0.545 g of acrylic spheres added in 1 liter of
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Fig. 4 SEM cross-sectional image of acrylic spheres with a Ni
film deposited in an electroless plating bath at 70 °C and pH 4.2
for 10 min
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Fig. 5 TEM bright field view of acrylic spheres with a Ni film
deposited in an electroless plating bath at 70 °C and pH 5.2 for
30 min

«— N1(111)

Fig. 6 Diffraction pattern of the electroless Ni film in Fig. 5

Table 2 The thickness variation of electroless Ni films on the
surface of acrylic spheres deposited in a plating bath of pH 4.2
for various plating temperatures and times

Temperature (°C) 50 55 60 65 70
Time (min)

1 0.101  0.075 0.157 0.106  0.203
2 0.153 0216 0253 0208  0.359
3 0256 0269 0303 0353 0467
6 0257 0272  0.380 0.383  0.467
9 0257 0268 0378 0431 0493
12 0282 0343  0.381 0460  0.454

plating bath, and the spheres have about 4 pum in size
and 0.89 in specific gravity, the number of spheres is
1.83 x 10'° and the total surface area of spheres is
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9,185 cm?. This is a very large area for deposition in
1 liter bath, so the concentration of composition in
plating bath will be rapidly lowered and the deposition
rate of electroless Ni film also becomes very small in
the same time. This is the case in Table 2 where the
thickness of the Ni films deposited at various temper-
atures is almost unchanged after 3 min.

The growth rate of electroless Ni film deposited on
the surface of acrylic spheres can be defined as the
volume increment on unit area per time, that is, growth
rate = dV/IAdt = d(4/3nr°)/4nr?dt = dr/dt, where V, A
and r are the volume, surface area and radius of the
sphere, respectively. Therefore, the growth rate is
independent of the size of acrylic sphere. It can be
determined by only measuring the variation of the
sphere radius with the plating time.

In order to find the growth rate and the activation
energy of the electroless Ni film deposited on the
surface of the acrylic spheres, it is reasonable that only
these data before 3 min in Table 2 are used for
calculation. Figure 7 shows the growth rates of elec-
troless Ni films deposited in a bath of pH 4.2 at various
temperatures and the activation energy, Q = 28.50 kJ/
mole, derived from the slope of the regress line.

Conclusion

After the commercial acrylic spheres about 4 pm in
size were cleaned up in deionized water with ultrasonic
oscillation, sensitized in SnCl, + HCl, solution and
activated in PdCl, + HCI solution successively, a film
of electroless Ni could be deposited on their surface in
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Fig. 7 The growth rates of electroless Ni films deposited in a
bath of pH 4.2 at various temperatures and the activation energy
derived from the slope of the regress line
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an acid plating bath containing sodium hypophosphite
as reducing agent. When the pH value of plating bath is
5.2, between the surface of the spheres and the Ni films
there exist gaps, occurred due to the tensile stress in Ni
film. When pH is 4.2, the Ni film can tightly adhere to
the surface of the sphere due to the compressive stress
in Ni film. An electroless Ni film about 0.35 um in
thickness could be got in 3 min plating time in a bath at
50-70 °C and the activation energy for plating this film
is 28.50 kJ/mole. The commercial acrylic spheres
coated an electroless Ni film with a compressive stress
can be further applied to anisotropic conductive
adhesives for flip-chip package.
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