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Automotive Pressfit Solutions

SILVERON™ GT-820 Cyanide Free Silver Tin

- 80% Silver, 20% Tin deposit from cyanide-free electrolyte - Excellent adhesion over copper or copper alloys
- Replacement for Tin for whisker control on press fit connectors - Suitable for electrical/electronic applications
- White, bright silver deposit over a broad CD range (0.5-15 ASD) - Excellent contact resistance and solderability

300 1200

Silver
- 250 g 1000 M Silver-tin
z 9
E 200 % 800
: -
5 150 2 600
kS >
% 100 8 400
5 E
Z 50 Z 200
0
SILVERON GT-101 Silver-tin 05N N 2N

Applied Load on 3.5 pym sample

The information contained herein is based on data known to DuPont or its affiliates at the time of preparation of the information and believed by them to be reliable. This
is business-to-business information intended for food, beverage and supplement producers, and is not intended for the final consumer of a finished food, beverage

or supplement product. The information is provided “as is” and its use is at the recipient's sole discretion and risk. Itis the recipient’s sole responsibility to determine

the suitability and legality of its proposed use of DuPont products for its specific purposes. Information and statements herein shall not be construed as licenses to
practice, or recommendations to infringe, any patents or other intellectual property rights of DuPont or others. DUPONT HEREBY EXPRESSLY DISCLAIMS (I) ANY
AND ALL LIABILITY IN CONNECTION WITH SUCH INFORMATION, INCLUDING, BUT NOT LIMITED TO, ANY LIABILITY RELATING TO THE ACCURACY,
COMPLETENESS, OR USEFULNESS OF SUCH INFORMATION, AND (Il) ANY AND ALL REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO SUCH INFORMATION, OR ANY PART THEREOF, INCLUDING ALL REPRESENTATIONS AND WARRANTIES OF TITLE, NONINFRINGEMENT

OF COPYRIGHT OR PATENT RIGHTS OF OTHERS, MERCHANTABILITY, FITNESS OR SUITABILITY FOR ANY PURPOSE, AND WARRANTIES ARISING BY
LAW, STATUTE, USAGE OF TRADE OR COURSE OF DEALING. Copyright © 2019 DuPont or its affiliates. All Rights Reserved. The DuPont Oval Logo, DuPont™,
Danisco® and all products denoted with ® or ™ are registered trademarks or trademarks of E.I. du Pont de Nemours and Company or its affiliated companies.
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South China Manufacturing Plant:

Chartermate (Guangzhou) Fine Chemicals Ltd.
Jianshe Mid-road South,Shazhuang Shitan Town
Zengcheng,Guangzhou,Guangdong Province

Tel :(86-20)8291 1910 Fax:(86-20)8290 6908

BB NHkEE  EB1E:(86)13560273939 (852)94680813

BUFT + BHY + RIS

Innovation + Technology + Solutions

LERFARSHL : BILEEAERNERAT
IAERTREHEMRELF T RXERREK12S
HRBYRES : 215313

East China Technical Service Center:

Chartermate (Kunshan) Electroplating Chemicals Ltd.
No. 12, Fuyang Xi Road, Zhoushi Town, Kunshan city,
Jiangsu Province.

Tel :(86-512)5764 6298 Fax:(86-512)5764 7963
BB FEX  H3i%:(86)13915744381
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Abstract In order to identify the effect on the properties
and behavior of tin—zinc—bismuth (Sn-8 wt% Zn-3 wt% Bi
or Sn-13.6 at.% Zn-1.6 at.% Bi) based solders produced by
adding nickel (Ni) nano-particles, the interfacial micro-
structure between plain and composite solders with newly
developed immersion silver (Ag) plated copper (Cu) sub-
strates has been investigated as a function of reaction time,
at various temperatures. For plain Sn—8Zn—3Bi solder
joints, a scallop-shaped Cu—Zn—Ag intermetallic compound
layer was found to adhere to the surface of the immersion
Ag-plated Cu substrate. However, after addition of Ni nano-
particles into the Sn—8Zn-3Bi solder, Cu—Zn—Ag (at the
bottom) and (Cu, Ni)-Zn (at the top) intermetallic com-
pound layers were observed at the interfaces. In addition,
these intermetallic compound layer thicknesses increased
substantially with increases in the temperature and reaction
time. In the solder ball region, needle-shaped o-Zn rich
phase and spherically-shaped Bi-particles appeared to be
homogeneously distributed throughout a beta-tin ([3-Sn)
matrix. However, after the addition of Ni nano-particles,
needle-shaped o-Zn rich phase appeared that exhibited a
fine microstructure, due to the heterogeneous nucleation of
the Ni nano-particles. The calculated activation energy for
the Cu—Zn—Ag intermetallic compound layer for the plain
Sn—8Zn-3Bi solder/immersion Ag-plated Cu system was
29.95 kJ/mol—while the activation energy for the total
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[Cu—Zn-Ag + (Cu, Ni)-Zn] intermetallic compound layers
formed in the Sn—-8Zn-3Bi—0.5Ni (Sn-13.6 at.% Zn-
1.6 at.% Bi ~1 at.% Ni) composite solder/immersion Ag-
plated Cu system was 27.95 kJ/mol. Addition of Ni nano-
particles reduces the activation energy which enhanced the
reaction rate as we know that lower the activation energy
indicates faster the reaction rate.

1 Introduction

The electronic packaging industry has made considerable
advances over the past two decades, while the essential
requirements of interconnections among all types of com-
ponents in all electronic systems have remained largely
unchanged [1]. These components need to be electrically
connected for power, grounding and signal transmissions—
and there is a need for mechanical support and the organi-
sation of thermal paths. To date lead-containing solder,
especially conventional binary Sn—Pb solder alloys, has
been extensively used in electronic packaging [2-4].
However, owing to the toxicity of lead bearing alloys on the
environment, as well as human health concerns, increasing
effort has been expended on the search for suitable lead-free
solders—as replacements for the conventional Pb—Sn
eutectic system alloys [5, 6]. As a result, many research
groups have been concerned with the development of new
lead-free solders materials and related processes. Today,
various types of Sn-based, lead-free solders—with the
addition of various alloying elements Ag, Cu, Bi Zn—are
prepared, in order to develop different types of lead-free
alloys such as Sn—Zn, Sn—Ag, Sn—Ag—Cu and Sn—Cu etc.,
which are being used to replace the conventional Sn—Pb
eutectic solder traditionally used in the electronic packaging
industry [5, 7, 8]. Among various lead-free systems, the



ternary lead-free Sn—Zn-Bi solder has become a suitable
substitute for conventional Sn—Pb solders—due to its low
cost, as well as low melting temperature in comparison with
other Sn-based lead-free solders [9, 10]. However, the Zn
containing lead-free solder alloy has exhibited poor wetta-
bility, easy oxidation and micro-void formation on Au/Ni
metallized Cu pads, thereby minimizing their application in
electronic packaging [11, 12]. As a result, several research
groups have focused on the addition of metallic or ceramic
secondary phases into lead-free solder matrices to form
composite solders is considered to be an innovative
approach to the preparation of lead-free composite solders
with good mechanical properties. McCormack et al. [13]
reported that a 1 wt% addition of Zn into a Sn-3.5 wt%—Ag
eutectic solder matrix gave a composite solder that
improved the solidification microstructure of the Sn-
3.5 wt% Ag eutectic solder—by eliminating the large $-Sn
dendritic grains and that it also introduced a finer and more
uniform two-phase distribution throughout the alloy. Kit-
ajima and Shono [14] prepared Sn—Zn composite solder
reinforced with Al particles and found that the minimal
addition of Al to Sn—Zn improved the oxidation resistance,
as well significantly enhancing the wetting properties. In
addition, Shen and Chan [15] prepared Sn—Zn composite
solder joints reinforced with ZrO, nano-particles, on an Au/
Ni metalized Cu pad—and found that the composite solder
joints significantly increased the shear strength through
reduction of the growth of an intermetallic compound layer.
Guo et al. [16] found that Sn—3.5 Ag composite solders
containing Ni particles improved the mechanical properties
without significantly altering the wetting characteristics,
microstructure and intermetallic compound layer growth of
eutectic Sn-3.5 Ag solder.

No studies have yet been reported on the development of
Ni nanoparticle-doped lead-free Sn—8Zn—3Bi solders on
immersion Ag-plated Cu substrates. In the present study, an
Ag-plated Cu pad was prepared using the cost-effective
immersion process and the interfacial microstructure was
evaluated on both plain Sn—-8Zn-3Bi solder joints and
solder joints containing Ni nano-particles. In addition to
this, the main aim of the presently reported work was to
investigate the microstructure, thermal analysis and acti-
vation energies of Sn—8Zn-3Bi and Sn—-8Zn-3Bi-0.5Ni
composite solders on immersion Ag-plated Cu substrates—
as a function of reaction temperature and time.

2 Experimental procedure

2.1 Preparation of the immersion Ag-plated Cu pad

The Cu substrate was scrubbed with aluminum powder and
washed with water. Substrate was then cleaned with
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cleaning solution to remove the grease, oxide film and
fingerprints. Pre-dip prior to immersion silver bath was
performed to form a thin silver deposit and to improve the
evenness and thickness of the immersion silver deposit.
The substrate was then put into another glass beaker con-
taining CharterSILVER TAG-377. This solution is the basis
of recently introduced weakly alkaline immersion silver
process that produces a white and dense pure silver deposit
that has no undercutting, no copper attachment, no void
formation after soldering, high solderability and high bond
ability. After the immersion silver plating, the Cu substrate
was placed into another glass beaker containing antitarnish
solution which is a water-soluble organic compound that
prevents silver from tarnishing and improves bonding
ability. Finally, the substrate was rinsed with deionized
water for 1 min and hot dried using a hair drier machine.

2.2 Preparation and characterization of solder joints

Sn-8 wt% Zn-3 wt% Bi-0.5 wt% Ni (Sn-13.6 at.% Zn-1.6
at.% Bi ~1 at.% Ni) composite solders were prepared by
mechanically dispersing 0.5 wt% (~1 at.%) Ni nano-par-
ticles (20 nm in diameter, Shenzhen Junye Nano Material
Co.) into the Sn-8 wt% Zn-3 wt% Bi (Sn-13.6 at.% Zn-
1.6 at.% Bi) (JUFFIT-E, Showa Denko) solder powder.
Here after the composition of solder alloys only used
weight percentage and represents Sn—8Zn—3Bi solder and
Sn—8Zn-3Bi—0.5Ni composite solder. The mixture was
blended manually for at least 30 min to achieve a uniform
distribution of Ni nano-particles. Next, the paste mixture
was printed on to alumina substrates using a stainless steel
stencil with a thickness of 0.15 mm—and then reflowed in
a reflow oven (BTU VIP-100 N) at 245 °C to prepare
solder balls with a nominal 760 pm diameter of 760 pm.
Then solder balls were attached on the pre-fluxed immer-
sion (Charter SILVER TAG-377) Ag-plated Cu pads and
reflowed at various temperatures in the range from 225 to
265 °C, with different reaction times, in a convection
reflow oven (BTU International, Pyramax-100 N). At the
end of the reflow process, the samples were cooled to room
temperature—and then each solder joint was cleaned with
isopropyl alcohol (IPA) by ultrasonic vibration wash.

The reflowed samples were cross-sectioned using the
metallographic sample preparation technique and mounted
in resin for the microstructure characterization, with sub-
sequent of surface grinding using emery paper with dif-
ferent reducing grit sizes. The samples were then polished
with 0.5 um alumina powder—and finally a scanning
electron microscope (SEM, Philips XL 40 FEG) operated
in the backscattered-electron (BSE) imaging mode was
used for the observation of the microstructures. Addition-
ally, an energy dispersive X-ray spectrometer (EDX)
(EDAX International, model no DX-4) was used to
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Fig. 1 a SEM micrographs of immersion Ag-plated Cu pad and b EDS and elemental analysis of Ag-plated layer

determine the phase compositions. The accuracy of the
compositional measurements was typically £+5 %.

The melting characteristics of plain Sn—8Zn-3Bi and
Sn—8Zn-3Bi—0.5Ni solders were investigated by using a
differential scanning calorimeter (DSC Q 10). For this DSC
analysis, 10 mg of each solder was placed in an aluminum
pan and temperature scanned over the range from 100 to
220 °C—at a rate of 10 °C/min, under a nitrogen
atmosphere.

3 Results and discussion

3.1 Microstructure and thickness analysis
of the immersion Ag-plated Cu pad

Figure 1 shows BSE SEM images of the newly developed
immersion Ag-plated Cu pads. According to the SEM
images, the Ag layer was well coated on to the Cu plate.
The average Ag layer thickness was about 1.2 pm.
According to the EDX and elemental analysis shown in
Fig. 1b, the plated surface layer contained only the Ag
phase, without any impurities.

3.2 Thermal analysis of the Sn—8Zn—3Bi and Sn—8Zn—
3Bi-0.5Ni solders

Figure 2 represents the DSC curves of the (a) Sn—8Zn—3Bi
and (b) Sn—8Zn-3Bi—0.5Ni solder alloys. The onset tem-
perature shows their starting melting points (onset tem-
perature)—and the offset temperature shows their end
melting points. The onset temperatures of the solders were
about 189.8 and 190.9 °C, respectively. According to the
DSC analysis, after the addition of the Ni nano-particles,
the melting temperature increased by 1.1 °C, as shown in
Fig. 2b. The slight increase in the melting temperature of
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Sn—8Zn—3Bi—0.5Ni composite solder mainly because the
additional Ni nano-particles change the surface instability
and the physical properties of the grain boundary/interfa-
cial characteristics. This confirmed that the Sn—8Zn-3Bi—
0.5Ni composite solders could be used as an interconnec-
tion material without changing the processing parameters,
especially the reflow temperature. Recently, Billah et al.
[17] prepared micrometre size Ni particle-doped Sn—8Zn—
3Bi composite solders and reported that the addition of Ni
particles increase the onset temperature of Sn—8Zn-3Bi
solders. From the onset and offset temperatures it was clear
that the pasty rang of Sn—8Zn—3Bi and Sn—8Zn—-3Bi—0.5Ni
solders were about 10.5 and 11.4 °C respectively which are
much lower than that of Sn—1Ag—0.5Cu solder (18.1 °C)
[18]. El-Daly et al. [19] reported that the narrow pasty
range solders may avoid manufacturing problems, such as
increasing the sensitivity to vibration during wave solder-
ing. Also, it can decrease the probability of fillet lifting
phenomena, the tendency towards porosity and hot tearing
due to the effect of alloy shrinkage.

Undercooling is one of the critical factors that will
influence the growth of IMCs. Thermodynamically, the
larger the undercooling is the larger the driving force for
the IMCs to growth. In the onset-to-onset method, und-
ercooling is defined as the difference between the melting
point during heating and solidification temperature during
cooling, and relates to the difficulty of nucleating the solid
phase in a liquid-state [20]. From the DSC result, it was
revealed that the addition of Ni nano-particles softly
decreased the degree of undercooling of Sn—8Zn-3Bi sol-
der from 3.5 to 3.0 °C. It is well known that a decrease in
the Sn undercooling also inhibits IMCs formation and
refines the microstructure [21]. This can be achieved by the
addition of an alloying element. It was expected that Ni
nano-particles could act as a new nucleation sites,
improving the rate of nucleation, leading to a reduced
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Fig. 2 DSC curves a Sn—8Zn-3Bi and b Sn—8Zn—-3Bi—0.5Ni composite solder alloys on heating and cooling

undercooling effect. As a result, the addition of Ni nano-
particles could effect on the microstructures of Sn—8Zn—
3Bi solders.

3.3 Microstructure observations on Sn—8Zn-3Bi
and Sn—8Zn-3Bi—0.5Ni solders

Figure 3 shows backscattered SEM images of the (a, b)
Sn—-8Zn—3Bi and (c, d) Sn—8Zn—3Bi—0.5Ni solder joints on
the immersion Ag-plated Cu substrates—at reaction times
of (a, ¢) 5 min and (b, d) 30 min at 225 °C. The micro-
graphs show a scallop-shaped Cu-Zn—-Ag that an inter-
metallic compound layer was created between the solder
alloys and the immersion Ag-plated Cu substrates. Wang
et al. reported that CusZng and AgZnj; intermetallic com-
pound layers formed at the interface between Sn—9Zn—
0.2Ga-0.002A1-0.25Ag—0.15Ce solder and Cu substrate.
The formation of AgZn; is considered that, due to the
formation of CusZng, zinc atoms transfer from the liquid
solder to the substrate and enrich at the interface [22].
Meanwhile, silver atoms also segregate at the interface and
react with zinc to form AgsZng. The Gibb’s free energy of
AgsZng is smaller than that of AgZn; and AgZn IMCs at
235 °C [23] by heterogeneous nucleation on the preformed
CusZn8 interface, since CusZng and AgsZng exhibit iden-
tical structure and their lattice constants do not differ
greatly. Furthermore, the subsequent peritectic reaction:
L + y-AgsZng — e-AgZn; contribute to the AgZng
observed at the interface [24]. However, after the Ni nano-
particles were added, an additional (Cu, Ni)-Zn interme-
tallic compound layer was found on the top surface of the
Cu-Zn—-Ag intermetallic compound layer, as shown in
Fig. 3c, d. In addition, the intermetallic compound layer

increased significantly in both type of solder joint, together
with the increase in reaction time. Haitao et al. [25]
reported that after addition of Ni particles into the Sn—Zn—
Cu-Bi solder, Ni atoms occupied the Cu sites in Cu—Zn
compounds which changed the coarse Cu—Zn compound
into the fine (Cu, Ni)-Zn compound after all. Moreover,
Althoff has reported that Zn atoms occupied the cube
corners and the Ni atoms replaced the Cu atoms and
occupied the face centres on the top and bottom of the
conventional cube in Cu,NiZn compound [26].

Figure 4 shows the EDS and elemental analyses, which
were taken from the ‘P’, ‘Q’ and ‘R’ regions (as marked) in
Fig. 3. According to the EDX analysis, the formation of the
Cu-Zn—Ag intermetallic compound layer between the plain
Sn—8Zn—3Bi solder and immersion Ag-plated Cu substrates
comprised 61.6 wt% Zn, 31.7 wt% Cu and 6.7 wt% Ag.
After adding the Ni nano-particles, the bottom Cu—-Zn-Ag
intermetallic compound layer comprised 57.62 wt% Zn,
41.2 wt% Cu and 1.19 wt% Ag phases, and the top (Cu,
Ni)—Zn intermetallic compound layer comprised 68.7 wt%
Zn, 28.9 wt% Cu and 2.4 wt% Ni phases.

Figure 5 shows the backscattered SEM micrographs of
the (a, ¢, ) Sn—Zn-Bi and (b, d, f) Sn—Zn—Bi-0.5Ni solder
joints on the immersion Ag-plated Cu substrates at reaction
times of (a, b) 5 min, (c, d) 15 min and (e, f) 30 min at
245 °C. The micrographs show that a Cu—-Zn—Ag ternary
intermetallic compound layer was formed at the interface
in the plain Sn—8Zn—3Bi solder joint/immersion Ag-plated
Cu system. However, in the solder joints containing Ni
nano-particles, a sandwich-type ternary Cu—-Zn—-Ag and a
(Cu, Ni)-Zn intermetallic compound were found at the
interfaces for different reaction times at 245 °C. By
increasing the reaction time, the thickness of the
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Fig. 3 SEM micrographs of a, b Sn—8Zn-3Bi, and ¢, d Sn—8Zn-3Bi—0.5Ni composite solder joints on immersion Ag depending on reaction

time a, ¢ 5 min and b, d 30 min at 225 °C

intermetallic compound layers was increased in all of the
solders, which also affected their mechanical properties.
Figure 6 shows the backscattered SEM images of the (a,
b) Sn—8Zn-3Bi and (c, d) Sn—8Zn—3Bi—0.5Ni solder joints
on the immersion Ag-plated Cu substrates. They were taken
from the solder ball regions at reaction times of (a, ¢) 5 min
and (b, d) 30 min at 245 °C. The micrographs show that a
dark-contrast needle-shaped o-Zn rich phase and bright-
contrast spherically-shaped Bi phase were clearly observed
in the B-Sn matrix, in every solder joint. However, as shown
in Fig. 6, the size of the needle-shaped o-Zn rich phase
increased dramatically along with the reaction time. Fur-
thermore, after adding the Ni nano-particles, a needle-
shaped a-Zn rich phase with a fine microstructure appeared.
One plausible explanation for the appearance of the fine
microstructure is the heterogeneous nucleation of the Ni
nano-particles. The same phenomenon also noted in the
microstructures of Sn—Zn based solder in another similar
study [17, 25, 27]. More specifically, El-Daly et al. [27]
prepare Sn—6.5Zn—0.5 wt% Ni solder and reported that the
appearance of fine acicular shaped o-Zn rich phase is due to
both the high melting of Ni—Zn compounds and the Ni
element which may act as the heterogeneous nucleation
sites for the a-Zn phase. In general, Ni particles react with
the Zn phase and form Zn-Ni intermetallic compound
particles. However, in this study, no Zn—Ni intermetallic
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compound particles were found in the solder ball regions in
the low-magnification SEM images—because the added Ni
nano-particles reacted with the o-Zn phase and formed very
fine Zn—Ni intermetallic compound particles. The similar
phenomena also observed in the solder ball region of Sn—Zn
based solders after using Ni nano-particles doped flux in
earlier studied. However, it was worthy noted that very fine
Zn-Ni IMC particles were clearly observed at the fracture
surfaces of Sn—Zn based solders [28].

Figure 7 shows the backscattered SEM micrographs of
the (a, b) Sn—8Zn-3Bi and (c, d) Sn—8Zn-3Bi—0.5Ni solder
joints on the immersion Ag-plated Cu substrates for reac-
tion times of (a, ¢) 5 min and (b, d) 30 min at 265 °C. As
with the findings of Figs. 3 and 5, a Cu—Zn-Ag ternary
intermetallic compound layer, for the plain Sn—8Zn-3Bi
solder joint/immersion Ag-plated Cu system—and sand-
wich-type ternary Cu-Zn—-Ag and (Cu, Ni)-Zn interme-
tallic compound (IMC) layers, for the Sn—8Zn—-3Bi—0.5Ni
composite solder joints/immersion Ag-plated Cu system,
were clearly observed at the interface. The micrographs
show that the thickness of the IMC layer increased along
with the reaction time. In addition, Figs. 3, 5 and 6 show
that the thicknesses of the IMClayers (Cu—Zn—Ag and (Cu,
Ni)-Zn) increased substantially in the Sn—8Zn—-3Bi—0.5Ni
composite solder joints, together with the increase in
reaction temperature. The most interesting result was the
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substantial reduction in the amount of the o-Zn rich phase
that occurred after a long reaction time. However, after
adding the Ni nano-particles, the amount of o-Zn rich phase
decreased more rapidly. The Zn rich phase in the composite
solder decreased, due to the formation of a Ni-containing
intermetallic compound, which significantly improved the
properties of the solder [29-31]. In general, when Sn—Zn—Bi
solder is exposed to a high-temperature and high-humidity
atmosphere, the Zn at the free surface soon reacts with the
water vapor or oxygen—and forms ZnO on the free surface.
At the same time, Zn diffuses rapidly along the Sn grain
boundaries to the free surface—and forms oxides near that
surface [32, 33]. During the reaction of Zn with oxygen to
form ZnO, the stress induced by the consequent volume
expansion (especially along the Sn grain boundaries)
increases, which may cause cracks along these boundaries.
As a result, the joint strength of the Sn—Zn-Bi alloys
degrades because of the formation of ZnO oxide at the grain
boundaries. To minimize the formation of cracks and
improve the oxidation resistance of the Sn-based solder
alloy, Ni nano-particles were added and aided in the

formation of intermetallic compounds at the grain bound-
aries. The formation of fine Zn—Ni IMC particles improved
the oxidation resistance of the Sn—Zn—Bi solder by reducing
the o-Zn rich phase in the solder matrix. During the soldering
process, Ni-based intermetallic compounds formed in the
grain boundaries and later blocked the penetration of water
vapor and oxygen, which in turn decreased the formation of
ZnO along the grain boundaries. Lee et al. reported that the
poor oxidation resistance of Sn—Zn base solder alloys is due
to the oxidation of Zn, which exists in both primary and
eutectic phases. It also noted that the amount of o-Zn phase in
the Sn—Zn eutectic alloy reduced or fixed by forming IMCs
which improve the oxidation resistance of can be improved
Sn—Zn base solder alloys [33].

3.4 Analysis of Sn—8Zn-3Bi and Sn—8Zn-3Bi-0.5Ni
solder kinetics

Figure 8 plots the thickness variations of the IMC layers
associated with: (a) the plain Sn—8Zn—-3Bi solder, and
(b) the Sn—8Zn-3Bi—0.5Ni composite solder/immersion
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Ag-plated Cu substrate system—as a function of the reac-
tion times at various temperatures. The average thickness of
the IMC layer was calculated using the following equation:
d=(d, + dy + d;s + --- + d,)/n, where d,, d>, ds, ... d,
are the thicknesses of the IMC layer at various random
positions on the interface. From this calculation, it was
found that the IMC layer thicknesses of the Sn—8Zn—3Bi
and Sn—8Zn—3Bi—0.5Ni solder joints on the immersion Ag-
plated Cu substrate increased, along with the increases in
reaction time and temperature. The Cu—Zn—Ag IMC layer
thicknesses of the Sn—8Zn—3Bi solder/immersion Ag-plated
Cu substrate system were approximately 5.1 and 7.6 pm
after a reaction time of 5 min at 225 and 265 °C, respec-
tively, and the IMC layer thicknesses were about 9.5 and
13 pm after a reaction time of about 30 min at 225 and
265 °C, respectively. The Cu—Zn-Ag + (Cu, Ni)-Zn IMC
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layer thicknesses of the Sn—-8Zn—-3Bi—0.5Ni composite
solder/immersion Ag-plated Cu substrate system were
about 4.4 and 6.7 pm—after a reaction time of 5 min at 225
and 265 °C, respectively, and the IMC layer thicknesses
were about 9.2 and 12.4 um after a reaction time of 30 min
at 225 and 265 °C, respectively.

Figure 9 plots the square of the IMC layer thicknesses of
the (a) plain Sn—8Zn-3Bi and (b) solder joints containing
Ni nano-particles on the immersion Ag-plated Cu substrate
as a function of the reaction time, at various temperatures.
According to this diagram, the IMC layer thickness
increased with square-root dependence on time in both
solder systems—thereby indicating that the formation of
the IMC layer in both solder systems was diffusion-con-
trolled. In general, the thickness of an interfacial reaction
layer, when modeled as a diffusion-driven process, can be



Aty Spol Hagn —Det WO L ————— Z0um
J60EY 401000 BSENA] 0 :

AV Spot Dol WO, Bxp F—————1 20pm hee Vi Spot Magn “Dat. Wo B ————] 20pm
160KV 40 100k BSE 144 0 160 KY 40 1000 BSE 142 0
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and immersion Ag-plated Cu pad at various temperatures

expressed by d = ki, where d is the thickness of the IMC
layer during reaction, k is the growth rate constant, n is the
time exponent and 7 is the interfacial reaction time [31].
The growth rate constant is calculated from the slope of the
line for each temperature and also for both solder joint
materials.

In calculating the activation energy of growth of the IMC
layer at the solder alloy and immersion Ag-plated Cu sub-
strate interface, the temperature variations of the growth rate
constant k can be expressed by an Arrhenius relationship in
terms of an interdiffusion coefficient: k = k,exp(—Q/RT),
where k,, is the interdiffusion constant at infinite temperature,
Q is the activation energy for the growth of the interfacial
IMC layer, R is the gas constant (R = 8.314 kJ/mol) and T'is
the absolute temperature [31, 34].
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Figure 10 shows plots of Ink versus 1/7 for: (a) plain Sn—
8Zn-3Bi solder joints and (b) Sn—8Zn—3Bi-0.5Ni solder
joints on immersion Ag-plated Cu substrates. The value of
the activation energy for the Cu—Zn—-Ag IMC layer for the
Sn—8Zn—3Bi solder joints was estimated to be 29.95 kJ/mol
and the Cu—Zn-Ag + (Cu, Ni)-Zn IMC layers for the Sn—
8Zn-3Bi solder joints was estimated to be 27.95 kJ/mol.

4 Conclusions

The liquid-state interfacial reactions between plain Sn—
8Zn-3Bi and Sn—8Zn-3Bi—0.5Ni composite solders with
a newly developed immersion Ag-plated Cu substrate
were investigated as a function of reaction time at
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various temperatures. After the cost-effective immersion
plating process that was used, the resulting Ag layer was
well-controlled at the Cu surface, with an average layer
thickness of about 1.2 um. However, after preparing the
solder joints at various temperatures with different
reaction times, a scallop-shaped Cu-Zn-Ag IMC layer
was found to be attached at the immersion Ag-plated Cu
substrate surface. A Cu—Zn—Ag IMC layer (at the bottom
region) and a (Cu, Ni)-Zn IMC layer (at the top region)
were formed at the respective interfaces. In addition, the
thicknesses of these IMC layers substantially increased
for increases in the temperature and reaction times. In
the solder ball region, dark-contrast needle-shaped o-Zn
and bright-contrast spherically-shaped Bi-particles were
found to be homogeneously distributed within the B-Sn
matrix. However, after adding Ni nano-particles, a nee-
dle-shaped o-Zn rich phase with a fine microstructure
appeared. According to a kinetic analysis, the calculated
activation energies of the Cu—Zn-Ag IMC layer, for the
Sn—-8Zn-3Bi solder/immersion Ag-plated Cu system—
and the total (Cu—Zn—-Ag + (Cu, Ni)-Zn) IMC layers,
for the Sn—-8Zn-3Bi—0.5Ni solder/immersion Ag-plated
Cu system, were 29.95 and 27.95 kJ/mol, respectively.
Addition of Ni nano-particles reduces the activation
energy which enhanced the reaction rate as we know that
lower the activation energy indicates faster the reaction
rate.
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Ace Plastics Technologies Ltd.
BREBNBEERAA
HEB A

T: +852 2487 6282

E: nelson.fu@aceplasticstech.com

EGHE

Arts Optical Company Limited
BEXBERDF
FEXEL

T: +85223435223

E: vincent@artsgroup.com

¥ 81E © design, manufacture & sale
of optical frames

Atotech Asia Pacific Ltd.
RERBELEFRAA
AN ]

T: +8522738 8521

E: stella.chan@atotech.com
¥BaE

Chartermate International Ltd.
SEEBRERAT
Dr. Daniel K. Chan PRIEBRIE 1

T: +852 2408 6288

+852 9460 2491
E: hkchartermate@gmail.com
¥ 7% [E : Surface Finishing Specialty
Additives R&D, Manufacturing & Technical
Support Service

Cheong Hing Refinery Works Limited
SEERBERA A
FRESLAE

T: +85224101212
E: vincent@chrefine.com.hk

¥ 75 #[E : Refining precious metals
and manufacture precious metal
chemicals

Compass Technology Co Ltd.
ERBRERQA
RA &4

T: +8522688 8908

E: byron_chan@cgth.com

75 & E : Flexible Circuit Board

Dongguan C-RAY Automatics

Technology Co., Ltd.
EmASEBIERERG

BERAF

AMIFF L

T: 4867698233361

E: marketing0T@craygroup.com

XBEHE: REEERERERLE

i BREAER - RBERL -

Dongguan Somei Electronic
Materials Technology Ltd.

EHEXEF MR
BRAF
EEERE

T: 486769 22889825
E: peter@dgsomei.com
wag@dgsomei.com

XBHE

Elegance Optical Mfy., Ltd.
BREREREFEARA A
APRESLLE

T: 485223420826

E: info@elegance-group.com

X% EE : RiE - AGRE

Fold Time Industries Ltd.
BREXRRAA
TIRRLE

T: +85236551282
E: stevenpa@konew.com

EBEE:EF - Ra

Fook Kwan Jewellery Mfg Ltd.
BHGKEENHESRAA
NG

T: 48522610 8480
E: josephlam@chowtaifook.com

¥BHE  KERNE

Guo Ji Chemical Ltd.
A= N

AR 5t &

T: 485223891132

E: terry.ho@quoji.com.hk

EBEE - RERBEFNIE -
BZERAR : )R8 - B k-
BT BAEEHmETE

40

Jiangmen City brothers Machinery
Manufacturing Co.

AT AREEEEEERQE
FRIME K4

T: 4867503678920

E: xiongdi@jmbr.cn

FIEEE - W REM

ERTH

Join Expert Machinery

(Shenzhen) Co. Ltd.
BREEEMORIN)BRA A
PR T

T: +86755 27315680

E: |.zengying@patjoin.com.cn

(GEE: MR LE - HEREE
B MEESE - BEREt R
REBEEESE -

Ka Hin International Industries
Limited

EHEREXERLA
SERKE

T: +8523443 2288

E: dicky_ma@kahin.com.hk

¥BEE - RFEFCRR/IKRERB/
© B R4/ E/BIR)

Kanfort Industrial (HK) Ltd.
BEEX(ER)BRAF
BR1E 81 S0 &

T: +852 24070017
+86 1380260 3314
E: kanfort-hk@kanfort.com
chenwzh@kanfort.com
ESEE o8 R 08
Fe il - 88K BESK  HEE
SBEIWE -

Kit Hart Metal Manufactory Limited
RReBRABERQE

REERLLE

T: +85223911697
E: kin@kithart.com

¥ EE  Metal die-casting



Lee Kee Group Ltd.
NEEEERA A
RE3/ME

T: 485227890282

E: marketing@leekeegroup.com

XGHE: FEHeE HeE 52
BLWHAETE

Legor Group HK Ltd.
REE/MA

T: 485226270011

E: info_hongkong@legor.com

¥ 7% [E : electroplating material
supplier

Life Chemical Co., Ltd.
BEBRF{LCIBRLT

ER o

T: +86752-6867 212/ 1352713 1888

E: Ithuagong_2008@163.com
XBEE: #5%  wEe

HaT  BEHES - FHE - SRM
KEMHEEBREREE (B
=¥ A HEE -

KRESE)

MacDermid Enthone Industrial
Solutions

Mr. Kenneth So

T: +86 1360265 2003
E: kenneth.so@macdermidenthone.com

HT5EIE  We have set ourselves the
goal of developing sustainable, innovative
and proven chemical processes, to
protect and enhance components used

in the automotive, sanitary, PET recycling,
consumer electronics and hardware
industries.

Pino Aliprandini (HK) Ltd.

MBI BRAF

=leses

T: +8522602 0698

E: contact@pinohk.com

XGE8E ELEREFRME - B
B R BERME -

Rohm and Haas Electronic
Materials Asia Ltd.

EMG HT E 7w Rl sz
BRAF

RMEFLE

T: +8522680 6871

E: lwng@dow.com

EGHRE REHEER

ShenZhen Sense Instruments Co., Ltd.
RYTERERERQF
FREEERSE A

T: +8675523347785

E: hanxp@126.com / sales@sense.cc

EBEE : XrayE L HEE - SEMIF
RERLEER

Technic (China - HK) Ltd.
BH(HE-BB)ERRAF
REBRRE

T: +8523590 8989

E: ckleung@technic-chk.com

¥ 7% B : Trading of electroplating
additives

Tetley Technology (HK) Ltd.
RRENMBZ(BER)BERLT
EESEE

T: 48522415 2885

E: kevin@tetleytech.com

EBGEE

Top Rise Group Ltd.

ETAAER THERE
BERAF
REREE
T: +86769 82110880

+386 188 2467 5856
E: 18824675856@139.com
XBEE - EXRA - BIERER
AR FRET (B WrRE -
EERERE HEME  EREER
e KBRS  BARES -

41

ARIRR

Uyemura International
(Hong Kong) Co., Ltd.
ENEB)ERAF
il JHE 08 5 A
T: +852 24144251

+386 138 23557710
E: shiyanhui@uyemura-sz.com.cn
XBEE  RARERBERRE
BECEER  HEMHRRE -

Vicdi
BEREHEMBEROARAA
RIEESLL

T: +86 13924340389
E: howard@vicdi.com

XBHE :

Wing Chun Electro-Plating Factory Ltd.

KEEERBRAF

’_%_:/L‘;\/ﬁ %EE

T: 485223433671
E: hkoffice@wingchun.com.cn

Wing Yee (Hong Kong) International
Trading Ltd.
KB(EBBEREZERATA

HEHEE

T: +85262015708

E: qcf608@163.com

¥EE - RetEn i‘“%@ﬁ*
ANINE - REEE - REER
WL -

Winstar Chemicals Co. Ltd.
7']<E1|:I‘ﬁ‘ PR A

REBITLAE
T. +852 2499 9363
E: winchem@winstarchem.com.hk
EGEHE: ME - AERBEERE
BRIBEER HME - EFRFE
BE - BB R R ER - AR IER
B

RYTBHABERERAA

BRI E

T: +86755 27509006

E+ 643977520@qq.com

%ﬁ%@ll Eﬁ/)ﬁ/ﬁiﬁ?&ﬁ s Aok
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Hong Kong Surface Finishing Society Ltd.

£33

@ B R Member Application Form\

INE4FE (Fi32) Company Name(Chinese) : INE]TE (TE3) Company Name(English) :

i35 A 44 Chinese & English Name : H%{ir Position :

oW > &

EREE M (A ESEEEIN T FERMLER - 5f5ak ) Business Scope, Nature (Give details of your products
and services e.g. electroplating) :

Hrhl: (132) Address(Chinese) : L Tel
{8 H Fax
il (¥532) Address(English) : ~ % Mobile -
%S Email
44hk Website :
By - B -
BINEE
HISAE B8] Type Applied for GA{ESETHMIILE v Ht/please tick v a box)
[] AEl& & Company Membership o AEIGEEERENSTHRMETE
[] fEA&E Personal membership o FEAGEEBEENSELE  AGRRSELE -
[ fEAKAEE Permanent Membership o HEEAKAEE AR R QWAL - R
BAGE -

HIRIENFEE > HEFE/A\TFIFELE Company Representative List :

(1) EEH Email

) FEE Email :

@) FEE Email :

(4) EEH Email :

() FEE Email :

1148 N4k %4 Name of Referee : Ir4% 7= Contact information :
N\ H)ZEE Company Chop : %= Signature :

HHH Date :

% B8R AAEABARIEL A MAE & Hong Kong Surface Finishing Society Limited
FHEF AR AT REXELEPC2M2AMLE  FHADRELEARNABRER
Hong Kong Surface Finishing Society Ltd., Block L, 21/F, Superluck Industrial Centre Phase 2, 57 Sha Tsui Road, Tsuen Wan, Hong Kong
BEEh 1 (852) 8120 0323  {#E : (852) 8120 0325 i) : secretary@hksfs.org.hk 44H : www.hksfs.org.hk
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BHE (&
$6,500
$6,000
$5,500
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$4,500
$3,500
$2,000
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AELIERAE
PINO ALIPRANDINI (HK) LTD

* Nano PolymerCeramic Composite Coating

MAREY Bﬁ ””‘%ﬁ &g

%ETU%«%%F‘V@%& R RE

500/ ]NRFEE AL

The coating can maintain a beautiful color for a long time
through 500-hour accelerated UV Test
- FETATRE B E (R HEUE i g P 5%

Surface hardness twice times higher than similar products

- Self healing coating - A R AR A T 1T - Anti tarnishing coating
E ﬂ&{gf% can be applied to workpieces with complex shapes EF)TL/E—?M’KE{%
. T~
- /‘/
" :.H_/__,.'
With AutoHeal™ Coating No AutoHeal ™ Coating 3 E/ I&_j“ Vacuum Process

- JERATEHRE A Electrof mmg = AT I 12/ N AL
Prolong the life of material _h\ Can pass 12 hours

F RTTPIRHET SR ] - sulfuration testing
Enhance the reliability of the material

- A SR A BB

FRA AR S A EIectropIatlng E@Jﬁ#
Reduce material maintenance costs Apply on Silver and ’rose gold
- AEHEEE A T R R plating TR
No longer need to repair or redo damaged \ X 2 Y
protective coatings repeatedly. ' ,:':‘w“ vy
64

2
- B Prototype

- /b4 7 Small batch production
- BREHENE Jewellert Repairs

- Suitable for 3D"|§i’n;c‘
A3 DA B

Smart Desktop Electroplating Machine
RESE [ EE P
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