A study on the nucleation behavior of zinc particles on aluminum substrate
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Abstract

The nucleation and growth behavior of zinc particles
deposited from the zincate solution on aluminum substrates
were investigated. The zinc particles initially nucleated on the
peak or edge of the aluminum surface where was exposed to
the zincate solution, and preferentially grew with {0001}
plane of hexagonal platelets. In case of zincate treatment on
Al alloy substrate, substrate is fully covered by a thin layer of
small zinc particles. At high temperature, zinc particles grew
with [1100]-oriented hexagonal structure and were appeared a
starfish-like shape like the coalescence of hexagonal structure.

Introduction

The flip-chip technology gained an important role in
electronic assembly. An increasing number of products
contain flip-chip due to size reduction, increase electrical
performance and cost saving potential. [10] This flip chip
process employs solder bump to electrically and mechanically
connect an integrated circuit device to a substrate in a
facedown configuration. Manufacturing of solder bumps on
aluminum pads needs to introduce an intermediate layer to
avoid the direct interaction between aluminum and the solder
contents. The solder bumps are usually deposited onto the
chip terminal pads, which are coated with an interface or
under bump metallurgy (UBM). One of the major functions of
the UBM is to promote and maintain adhesion of the solder
bumps to the underlying aluminum terminal pads. Many
different methods have been employed to fabricate the UBM
and solder bumps, including conventional sputtering,
evaporation and electroplating techniques. Among these
studies, electroless plating has the highest potential for cost
reduction of the bumping process in flip chip applications. It
provides a selective autocatalytic metal deposition directly on
the aluminum pads, and therefore lithography and etching
processes are not required. However, due to the high affinity
of aluminum to oxygen, aluminum pads exposed to air or to
aqueous solution are always covered with thin layer of
aluminum oxide or hydroxide. [1] Zincate treatment of
aluminum pads is an essential step to make aluminum pads
actives for subsequent electroless nickel plating. Major aims
of the zincate treatment are to provide an intermediate layer
that can initiate electroless nickel deposition. It was
recognized that morphology of zinc layer has a direct impact
on the quality of electroless nickel layer. {2] A uniform and
smooth zinc layer certainly enhances the uniform growth of
the subsequent electroless nickel deposit. [11] Many different
methods have been investigated to provide better zinc deposit.
For example, multiple zincate process, [11] control of bath
chemistry, {2] and The influence of Al alloy substrate [6] etc.
These methods will provide a uniform and smooth zinc
deposit. However, most of this research has been focused on
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industrial application. Although this research results in a more
uniform layer with finer Zn grains, if we will gain the basic
understanding of the nucleation behavior of zinc particles, we
will control the morphology of zinc particle. Therefore, this
study is focused on observation of the initial behavior and
growth of zinc particles, which is hardly available in open
papers.

In this paper, the zincating process is conducted by
immersing the aluminum substrates into an alkaline zincating
bath. The alkaline zincating bath containing ZnO and NaOH
etch aluminum. Aluminum is dissolved into the solution as
anodic reaction to release electrons for the Zn reduction as
cathodic reaction. To increase the nucleation sites of zinc
deposition, the zincating processes were conducted on Al
alloy. [6] Also the zincating processes were conducted at high
temperature to increase of growth rate.

Experimental Section

The P-type Si wafer was cleaned sequentially in
trichloroethylene, acetone and methanol for 10 min in
ultrasonic bath. Aluminum was deposited by DC magnetron
sputtering method. All Substrates were initially cleaned in
alkaline solution for 10 s followed by acidic cleansing for 10 s.
The alkaline solution and the acidic solution were,
respectively, 10% NaOH and 30 % nitric acid. The zincating
process was conducted in 120 g/l NaOH, 4 g/l ZnO, 1 g/l
NaNQ; and 30 g/l C,H,;NaOg4H,0.

Section 1. Nucleation and Growth of zinc particles

The aluminum deposits were preparation by D.C
magnetron sputter deposition using targets of 99.99% Al
Zincating process is carried out at room temperature by
dipping the pretreated aluminum specimen into zincate
solution.

Section 2. The increase of growth rate

The aluminum deposits were preparation by D.C
magnetron sputter deposition using targets of 99.99% Al
Zincating process is carried out at 50 C by dipping the
pretreated aluminum specimen into zincate solution.

Section 3. The increase of nucleation sites

The AI-Cu-Si deposits were preparation by D.C magnetron
sputter deposition using targets of Al (98.5%)-Cu (1%)-Si
(0.5%). Zincating process is carried out at room temperature
by dipping the pretreated Al alloy specimen into zincate
solution.

Results and discussion
Nucleation behaviors of zinc particles
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The aluminum substrate generally is formed a columnar
structure with holes or boundaries by the magnetron sputtering
system as shown in Figure 1. [5]

fim WDLSmm

Figure 1. FE-SEM images of as-deposited Al specimen.
(a) Plan-view image, (b) tilted image.

When this aluminum with a columnar structure is exposed
to the alkaline and acidic solution, the surface of the etched
aluminum after pretreatment shows unevenness with holes
(Figure 2).

In the Figure 2, when the aluminum is exposed to the
alkaline zincating solution, the dissolution rate of each grain
varies. Because of the difference in the binding energy of
atoms between grain and boundary. Total energy involved in
the binding energy and the subsequent dissolution of
aluminum is faster for grain boundaries, which have the weak
binding energy.

To investigate the an initial stages of zinc deposition on
aluminum surface during zincating process, the surface
morphologies of aluminum surface just after zincating process
were observed by FE-SEM. Figure 3,4 shows the plane and
titled image of surface. Dissolution of the aluminum substrate
continued along boundaries during the zincating treatment.
However, zinc deposition occurs only on the film surface
since zinc complex ion cannot reach the inside of holes [5].

The entrance into the holes of zinc particles is suppressed
by exchange reaction. Leading to the dissolution of
electronegative aluminum and deposition of a more
electropositive zinc ion. The deep holes cannot be filled by
zinc deposition, even though zincating time was increased to
some degree as shown in Figure 5. As a result, after the
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zincating  treatment, zinc ions reduction occurred
preferentially on convex part, corresponding to the peaks or
edges of aluminum surface etched by zincating solution. Zinc
particles form cluster, which were preferentially deposited at
high surface energy area-of aluminum surface. The above
results indicate that zinc nucleation sites correlate to the
surface roughness, [7] and electrochemical properties. [2,8]

Ly WD 1 Seem
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Figure 2. FE-SEM images of alkaline and acidic cleaned
Al specimen. (a) Plan-view image, (b) tilted image.

6330F SET 15.0kY

Figure 3. FE-SEM images of first zincated Al specimen for
10 s. (Tilted image with abnormal deposition behavior)
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the aluminum substrate continues along boundaries. Therefore,
the displacement reaction between anodic aluminum ions and
cathodic zinc ions continues at a considerably fast rate,
resulting in the formation of large zinc particles near the
dissotution holes, as seen in Figure 4b. This shows that the
morphology of hexagonal platelets which represents the basal
texture. [9] The close packed planes, or the low index planes
are known to be more resistance to dissolution because of the
higher binding energy of surface atoms. [9] In hcp metals, The
{0001} plane exhibits the best corrosion resistance [9]. In the
Figure 6, The {0001} Plane has the most probability to
stabilize thermodynamically; because this stack has the lowest
energy state.

5330F SEI 15.BKV 70 108nm W

SEI 15.00V 70,020 103mn WD 1S
Figure 4.FE-SEM images of first zincated Al specimen
after 1 second. (a) Titled image, (b) plan-view image.

SET 15.0KV 70,000  108nm WD1%mm

-~ Figure 6. FE-SEM images of first zincated Al specimen for

108rm WD 15mn 10 s.
Figure 5. SEM Images of double zincated (10 s-10 s) (a) Titled image with normal stacking behavior,
specimen. (a) Plan-view image, (b) titled image. (b) Titled image with lateral stacking behavior,

and (c) titled image with lateral stacking behavior.
Growth mode of zinc particles

Figure 6 shows the morphology of the stacking hexagonal . Figure 7 show the SEM images that illustrate the
platelets. At the initial growth stage (Figure 4b), Zinc particles  microstructure of zinc growth deposited.
form hexagonal platelet and grow with [0001] direction of
hexagonal platelet as shown in Figure 6. Dissolution of
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The zincate reaction occurs sporadically on the
aluminum surface. The groups of hexagonal phase at
isolated area were formed locally as islands (Figure 7a).
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Figure 7. FE-SEM images of first zincated on same Al
surface for 5s. _

(a) Low magnification, (b) plan-view image with parent
zinc particle, (¢) plan-view image and (d) Plan-view image
of parent zinc and groups of hexagonal platelets.
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The increase of growth rate
When zincating process were conducted at 50°C, zinc
particles grew with [1100]-oriented hexagonal structure and
were appeared a starfish-like shape, due to thermally activated
migration of boundary at high temperature (Figure 8).
& o 4 \ '{‘%ﬁ' Yo A
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Figure 8. FE-SEM images of first zincated Al specimen
for 10 s in 50 C zincate solution.
(a) Low magnification, (b) titled image of hexagonal

platelet, (c) titled image and (d) titled image with a
starfish-like shape.
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Comparison on Pure Al and Al alloy substrates

Figure 9 show SEI (secondary electron image) and BSE
(back scattered electron) during zincating treatment for 1s on
pure Al and Al-Cu-Si substrate.

R.1.C COMPD 15.0KY ~15,000 1ym WD 15w

1pm W1 S
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Figure 9. FE-SEM images of zincated pure Al substrate
(a: SEI and b: BSE) and Al alloy substrate(c: SEI and d:
BSE) for 5 s.
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A comparison with Figure 9 shows that zinc particles on
Al-Cu-Si substrate is considerably smaller than that on a pure
Al substrate. In Figure 9a, most of zinc particles apparently
covered sporadically. In Figure 9¢, Al-Cu-Si substrate is fully
covered by a thin layer of small zinc particles. This
comparison indicates that the initial stage of zinc deposition
on Al-Cu-Si substrate is faster than that on pure Al substrate.
And the zinc nuclei on Al-Cu-Si substrate are more than that
on pure Al substrate. These results indicate that zinc
nucleation sites directly correlated to the intermetallic
particles. Zinc nucleates preferentially on intermetallic
precipitates in an Al matrix. {6]

The studies for the various influences of zinc deposition
have been investigated by the three focus of (1)
electrochemical properties of the cathode materials, (2) the
effect ionic impurity in the electrolyte, and (3) the cohesion
strength between the deposited metal and its substrate. [6]

Conclusion

During nucleation stage, the parent zinc is created on the
peak or edge of Al surface. During the growth stage, zinc
particles are migrated into parent zinc, and then hexagonal
platelets formed. As a result, localized zinc islands were
formed. At 50C zincating process, zinc particles were
appeared a starfish-like shape by the fast migration of zinc
ions. Zinc nuclei on Al-Cu-Si substrate are more than that on
pure Al substrate.
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