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The  interfacial  reactions  of Sn,  Sn–3.0  wt%  Ag–0.5  wt%  Cu (SAC),  Sn–0.7  wt%  Cu (SC),  Sn–58  wt%  Bi  (SB)
and  Sn–9  wt%  Zn  (SZ)  lead-free  solders  with  an  Au/Pd/Ni/brass  multilayer  substrate  were  systematically
investigated  in  this  study.  The  results  revealed  that  (Cu,  Ni)6Sn5 and CuZn  phases  were  formed  at  the
interface  in  the  Sn, SAC,  and  SC  solders  reacting  with  Au/Pd/Ni/brass  systems.  In the SB/Au/Pd/Ni/brass
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system,  (Ni,  Cu)3Sn4, (Cu,  Ni)6Sn5 and  CuZn  phases  were  formed  at the  interface.  The CuZn5,  Pd2Zn9,
Ni5Zn21 and  Cu5Zn8 phases  were  formed  in  the  SZ/Au/Pd/Ni/brass  system.

© 2011 Elsevier B.V. All rights reserved.
ntermetallic compound

. Introduction

As computer, communication and consumer (3C) electronic
roducts have become lighter, thinner and smaller, these devices
equire increased high in/out (IO) connecting density and reliable
olders. Thus, flip chip (FC) and ball grid array (BGA) techniques
ave dominated connecting techniques due to their high intercon-
ection density. The demand for improved solders is greater than
efore. In the past Sn–Pb solders were widely used in soldering
rocesses due to their excellent soldering characteristics and reli-
bility [1,2]. However, Pb is a heavy metal that reacts with acidic
ain to form the lead carbonate, which is harmful to human health
3]. Two important laws, such as the waste from electrical and elec-
ronic equipment (WEEE) and restriction of hazardous substances
irective (RoHs) which were legislated by the European Union (EU),
orbid the sale of Pb-containing 3C products since July 1, 2007 [4].
everal Pb-free solders, such as Sn, Sn–3.0 wt% Ag–0.5 wt%  Cu (SAC),
n–0.7 wt% Cu (SC), Sn–58.0 wt% Bi (SB) and Sn–9.0 wt%  Zn (SZ)
ave replaced Sn–Pb solders today [5–14].

A brass is a Cu–Zn alloy. The Zn content in the brass is usually
–40 wt%. The brass has better mechanical properties, fine bright-
ess, suitable workability and good corrosion resistance compared
o a pure Cu. The brass is therefore one of the most popular sub-

trates used in the electronics industry. An Au/Pd/Ni multilayer
tructure is commonly electroplated onto a metallic substrate sur-
ace to improve the joint reliability and wettability between the

∗ Corresponding author. Tel.: +886 2 27376659; fax: +886 2 27301265.
E-mail address: ywyen@mail.ntust.edu.tw (Y.-w. Yen).

925-8388/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2011.12.046
solder and substrate. Numerous studies have reported on the inter-
facial reactions of Pb-free solders with Au/Pd/Ni/metallic substrates
[14–26]. However, research on the interfacial reactions between
the solder and Au/Pd/Ni/brass systems is lacking. Only one refer-
ence regarding the Sn–Zn–Bi solder reacting with a brass substrate
could be found [27]. Because the brass is a popular substrate
material, it is necessary to clearly understand the interfacial reac-
tions between lead-free solders and brass. This study uses the
liquid/solder reaction couple technique to investigate the interfa-
cial reactions of the Au/Pd/Ni/brass multilayer substrate in molten
Sn, SAC, SB and SZ Pb-free solders at 240, 255 and 270 ◦C for various
reaction time periods.

2. Experimental

The brass substrate (Cu–40 wt% Zn alloy) was  electroplated with a 75 nm-
thick Au layer, 210 nm-thick Pd layer, and 1.78 �m-thick Ni layer, respectively.
This multilayer substrate was provided by Hon Hai Precision Ind. Co., Ltd. The
Au/Pd/Ni/brass multilayer substrate with 15.0 (length) × 5.0 (width) × 1.0 (thick-
ness) mm was ultrasonically cleaned in ethanol and de-ionized water to ensure that
there were no contaminates on the substrate surface. The Sn, Sn–3.0 wt% Ag–0.5 wt%
Cu  (SAC), Sn–0.7 wt% Cu (SC), Sn–58.0 wt% Bi (SB) solders are commercial solders.
The Sn–9.0 wt% Zn (SZ) solder was prepared with Sn and Zn shots above 99.0 wt%
purity. The SZ solder with a total mass of 2.0 g was  encapsulated in a quartz tube
in  a 0.1 N/m2 vacuum. The sample tube was first placed in a furnace at 500 ◦C for
48  h to ensure a homogeneous liquid mixing of the constituent elements and then
quenched in ice water. The liquid/solid reaction couples were prepared in this study.
The cleaned Au/Pd/Ni/brass multilayer substrate was dipped in rosin mildly acti-
vated (RMA) flux and reacted with these solders in an evacuated quartz tube. The

substrate/solder mass ratio was about 1/3. The couples were placed in a tube furnace
at  240, 255 and 270 ◦C for 20 min and 1, 2, 4, 8, 20 h.

After the solid/liquid interfacial reactions, all couples were subsequently
quenched in ice water. The sample was  first examined metallurgically. The reac-
tion couples were mounted in an epoxy resin and ground polished carefully to

dx.doi.org/10.1016/j.jallcom.2011.12.046
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:ywyen@mail.ntust.edu.tw
dx.doi.org/10.1016/j.jallcom.2011.12.046
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ig. 1. BEI micrographs of the (a) Sn/Au/Pd/Ni/brass, (b) SAC/Au/Pd/Ni/brass and (c)
C/Au/Pd/Ni/brass reaction systems reacted at 270 ◦C for 1 h.

ake the cross-sectional interface perpendicular to the exposed substrates. An
ptical microscope (OM) and scanning electron microscope (SEM) were used for
he microstructure examination. If intermetallic compounds (IMCs) were formed
t  the interface, a SEM with an energy dispersive spectrometer (EDS) and elec-
ron  probe micro-analyzer (EPMA) were used to determine the IMC  composition.
his result was  compared with the related phase diagrams to identify the IMC. A
eep-etching technique was  employed to remove the solder to observe a three-
imensional (3-D) IMC  microstructure. The detailed etching solution compositions
or each solder/substrate couple are listed in a previous study [14].

. Results and discussion

.1. Sn/Au/Pd/Ni/brass reaction couple

Fig. 1(a) shows a backscatter electron image (BEI) of the Sn solder
eacting with the Au/Pd/Ni/brass substrate at 270 ◦C for 1 h. Two
ifferent contrast layers are observed at the interface. Similar to the
n/Au/Pd/Ni/Cu system [14], the Au and Pd layers are completely
issolved into the molten Sn. Meanwhile, the Cu atoms from the
rass also dissolved into the molten Sn. Thus, the (Cu, Ni)6Sn5 phase
f Sn–28.0 Cu–22.0 Ni–5.0 Zn (at.%) was formed close to the Sn
ide [28]. Because the Au and Pd layers are thin enough, the Au
nd Pd concentrations were too limited to detect. That’s why no

d or Au atoms were found in the (Cu, Ni)6Sn5 phase. The brass is

 Cu–40 wt% Zn alloy. When Cu atoms dissolve toward molten Sn,
he Zn concentration becomes greater than 40 wt%, forming stable
u–Zn phases. Thus, the CuZn phase with a Cu–46.6 Zn–6.3 Sn (at.%)

Fig. 2. (a) Deep-etched SEI microstructure of the Sn/Au/Pd/Ni/brass reactio
Fig. 3. BEI micrographs of the Sn/Au/Pd/Ni/brass reaction systems reacted at 240 ◦C
for  20 min.

composition was  observed at the substrate side [28], as shown in
Fig. 1(a).

Due to the fact that the brass is a Cu–Zn alloy, the CuZn phase
was formed at the interface. The reaction mechanism might be that
the (Cu, Ni)6Sn5 phase acted as a diffusion barrier to prevent the
Sn atoms from diffusing toward the brass and the Gibbs forma-
tion energy of the Cu–Zn IMCs was  lower than that of the Cu–Sn
IMCs [20]. The Cu and Zn atoms in the brass thus reacted with each
other to form the CuZn phase at the interface. When compared
with the previous study [14], the Cu3Sn phase was not formed in
the Au/Pd/Ni/brass system. The reason might be that the CuZn layer
also acts as a diffusion barrier so that not enough Sn atoms could
diffuse toward the substrate to react with Cu to form the Cu3Sn
phase.

When the reaction time was increased to 20 h, only the (Cu,
Ni)6Sn5 and CuZn phases were formed at the interface. The (Cu,
Ni)6Sn5 phase with a larger grain and the CuZn phase with a cobble
shape were formed between the solder and brass, as shown in Fig. 2.
When the reaction time was increased, the (Cu, Ni)6Sn5 phase with
small grain would ripen each other to form a larger one to reduce
the free energy. This result was  similar to the interfacial reactions
between the molten solder and solid Cu substrate [14,19,21,22].
When the reaction temperatures were reduced to 255 or 240 ◦C,
the (Cu, Ni)6Sn5 and CuZn phases were still formed at the inter-

face. However, the Ni layer still remained at the interface and the
Ni3Sn4 phase was formed at the interface in the Au/Pd/Ni/brass
system reacted at 240 ◦C for 20 min, as shown in Fig. 3. The IMC
evolution is listed in Table 1.

n system reacted at 270 ◦C for 20 h; (b) is magnified locally from (a).
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The reaction mechanism for the Sn/Au/Pd/Ni/brass system is
that the Au, Pd and Ni atoms rapidly dissolve into the molten Sn.
At lower reaction temperatures the Ni atoms react with Sn to form
the Ni3Sn4 phase. However, the Cu diffusion rate in Sn is faster than
the Ni diffusion rate in Sn [29]. The Ni atoms are rapidly replaced by
Cu atoms from the brass, which results in a Cu6Sn5 phase formed
at the Sn side due to high Cu-concentration at the molten Sn/brass
interface [14]. The Ni atoms can incorporate with the sublattice of
the Cu6Sn5 phase to form a (Cu, Ni)6Sn5 phase, owing to the 40 at.%
Ni solid solubility in Cu at 270 ◦C. However, the remaining Zn atoms
react with Cu from the brass substrate to form the CuZn phase at
the interface.

3.2. Sn–3.0 Ag–0.5 Cu (SAC)/Au/Pd/Ni/brass reaction couple

Fig. 1(b) shows a backscatter electron image (BEI) micrograph
of the SAC/Au/Pd/Ni/brass system reacted at 270 ◦C for 1 h. Two
different contrast layers can be observed at the interface. A gray,
irregular, thick region close to the SAC solder has a unique composi-
tion of Sn–27.8 Cu–22.9 Ni–3.8 Zn (at.%). Due to the same structure,
face-centered cubic (FCC), of the Cu and Ni atoms, a considerably
amount of Ni atoms are incorporated into the Cu sublattice of the
Cu6Sn5 phase. Thus, this layer is likely the (Cu, Ni)6Sn5 phase [28].
Furthermore, the dark, continuous and thin region near the brass
side has a composition of Cu–46.3 Zn–6.0 Sn–1.3 Ag (at.%), and it is
likely the CuZn phase [28]. Compared to the Sn/Au/Pd/Ni/brass cou-
ple, a few (Cu, Ni)6Sn5 phases were formed in the SAC solder due to
the molten SAC solder segregation when the SAC solder quenched
in ice water.

When the reaction time was extended to 20 h, the IMCs formed
at the interface were still (Cu, Ni)6Sn5 and CuZn phases. The par-
tial (Cu, Ni)6Sn5 phase peeled off progressively toward the solder.
There was  an obvious grain ripening phenomenon in the IMC  at the
interface when the reaction time was increased. This result is simi-
lar to that in the SAC/Au/Pd/Ni/Cu [14], SAC/Au/Ni/SUS 304 [24], and
Sn–Ag–Cu/Ni [17] couples. Again, the Cu3Sn phase was not formed
at the interface. Because the Zn content is high at the solder/brass
interface, the high activity Zn atoms would react with the Cu atoms
from a SAC solder or brass to form a CuZn phase between the (Cu,
Ni)6Sn5 and brass. Thus, the CuZn phase replaced the Cu3Sn phase
formed at the (Cu, Ni)6Sn5/brass interface.

Fig. 4(a) shows a deep-etched secondary electron image (SEI)
micrograph of the SAC/Au/Pd/Ni/brass couple reacted at 270 ◦C for
8 h. There are massive IMCs peeled off from the interface found in
Fig. 4. Fig. 4(b) and (c) is zoom-in images of Fig. 4(a). Similar to the
SAC/Au/Pd/Ni/Cu couple, the (Cu, Ni)6Sn5 phases close to the SAC
solder side, as shown in Fig. 4(b), have a polyhedron-type grain
shape, owing to the great amount of Ni atoms dissolved in the (Cu,
Ni)6Sn5 phase. Close to the CuZn phase, many small and spherical-
type grains of the (Cu, Ni)6Sn5 phases having a lower Ni content
were found in Fig. 4(a) and (c). According to the SC/Au/Ni/SUS 304
couple study [22], different Ni contents in the (Cu, Ni)6Sn5 phase
indeed influences the grain morphology of the (Cu, Ni)6Sn5 phase.
A great amount of Ag3Sn particles with a small grain are adhered
onto the (Cu, Ni)6Sn5 surface. Similar results were found when
the reaction temperature was  reduced to 250 and 240 ◦C. How-
ever, no CuZn phase was formed in the SAC/Au/Pd/Ni/brass system
reacted at 240 ◦C only for 20 min. The IMC  formation in this system
is summarized in Table 1.

3.3. Sn–0.7 Cu (SC)/Au/Pd/Ni/brass reaction couple
Fig. 1(c) shows a BEI micrograph of the SC/Au/Pd/Ni/brass sys-
tem reacted at 270 ◦C for 1 h. Two  different layers could be found
at the interface, as well. The composition of continuous and thin
charcoal contrast layer near to the brass side is Cu–47.2 Zn–6.2 Sn
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Fig. 4. (a) Deep-etched SEI micrograph of the SAC/Au/Pd/Ni/brass react

at.%), which is the CuZn phase [28]. The composition of the light
ray, irregular and thick layer close to the SC side is Sn–27.2 Cu–24.0
i–1.9 Zn (at.%). This layer is the (Cu, Ni)6Sn5 phase [28]. When the

eaction time was extended to 20 h, the CuZn and (Cu, Ni)6Sn5 phase
ere still formed at the interface and a significant grain ripening
rocess in the (Cu, Ni)6Sn5 phase was found.

Fig. 5(a) shows an un-etched BEI micrograph of the
C/Au/Pd/Ni/brass couple at 270 ◦C for 8 h. Fig. 5(b) shows
he SEI microstructure of the image presented in Fig. 5(a) after

eep-etching. When the reaction time was extended the Ni atoms

n the (Cu, Ni)6Sn5 phase were replaced by larger amount of
u atoms from the SC solder and the brass substrate. The grain

Fig. 5. (a) Un-etched BEI micrograph and (b) deep-etched SEI micrograph
stem reacted at 270 ◦C for 8 h; (b) and (c) is magnified locally from (a).

morphology of the (Cu, Ni)6Sn5 phase near the SC solder side
was converted into a smoother column-type shape from the
polyhedron-type. At the same time, the CuZn phase was  formed
at the interface. Similar to the Sn or SAC solders reacted with the
Au/Pd/Ni/brass, there was  no Cu3Sn phase formed at the interface
in the SC/Au/Pd/Ni/brass system.

The result and reaction mechanism in the SC/Au/Pd/Ni/brass
were similar to that of the Sn or SAC reacted with the Au/Pd/Ni/brass
substrate. These results are also similar to that found in the Cu con-

tent effect in SAC/Ni/Cu [16] and SC/Ni [29] couples. Related studies
[16,30] indicated that only the (Cu, Ni)6Sn5 phase was  formed at
the solder/Ni/Cu or solder/Ni interface if the Cu content in the

 of the SC/Au/Pd/Ni/brass reaction couple reacted at 270 ◦C for 8 h.
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ig. 6. BEI micrographs of the (a) SB/Au/Pd/Ni/brass and (b) SZ/Au/Pd/Ni/brass reac-
ion systems reacted at 270 ◦C for 1 h.

older was greater than 0.5 wt%. When the reaction temperature
as reduced to 255 and 240 ◦C similar results were found. The IMC

volution is listed in Table 1.

.4. Sn–58 Bi (SB)/Au/Pd/Ni/brass reaction couple

Fig. 6(a) shows a BEI micrograph of the SB/Au/Pd/Ni/brass sys-
em reacted at 270 ◦C for 1 h. The dark and light regions in the SB
older are typical Sn-rich and Bi-rich phase eutectic structures. A
right and planar layer close to the SB solder was found and its com-
osition, determined by EMPA, was Sn–39.1 Ni–2.4 Cu–1.2 Pd–1.2
n (at.%). This layer should be the Ni3Sn4 phase [28]. The dark layer
lose to the brass side is the remnant Ni layer. Compared with the
bove systems no CuZn phase was formed at the interface. This
esult is very similar to the SB/Au/Pd/Ni/Cu system [14]. The Ni layer
till acted as a diffusion barrier to prevent the Sn from reacting with
he substrate. Only the Ni and Sn reacted with each other to form
he Ni3Sn4 phase. The Ni layer was progressively consumed and
emained at the interface when the reaction time was  increased to
 h, as shown in Fig. 7. At the brass side a non-continuous and bro-
en Ni layer was observed. A few dark and non-continuous layers
dhered to the brass could be found. This layer has a unique Cu–44.8
n–7.7 Sn–3.5 Ni–1.3 Pd (at.%) composition. It is considered to be

ig. 7. BEI micrograph of the SB/Au/Pd/Ni/brass reaction system reacted at 270 ◦C
or 8 h.
Fig. 8. BEI micrograph of the SZ/Au/Pd/Ni/brass reaction system reacted at 270 ◦C
for  20 h.

the CuZn phase [26]. Thick and irregular regions with light-gray
contrast and substantial thickness were formed close to the SB sol-
der. The composition was  Sn–27.8 Cu–22.9 Ni–3.4 Zn (at.%) and
it was  likely the (Cu, Ni)6Sn5 phase [28]. A third IMC, distributed
randomly in the (Cu, Ni)6Sn5 phase near the substrate side was
observed. It was the (Ni, Cu)3Sn4 phase of Sn–36.0 Ni–5.5 Cu–1.0
Zn (at.%) [28].

While the Ni layer gradually dissolved into the solder and
reacted with the Sn to form the Ni3Sn4 phase, the non-continuous
Ni remained at the interface and this Ni layer could not act as an
effective diffusion barrier anymore. The large amount of Cu atoms
from the brass substrate diffused toward the solder through the
Ni3Sn4 phase to form the (Cu, Ni)6Sn5 phase close to solder and
CuZn phase adhered to the brass side. When the reaction time
was extended to 20 h, the Ni was consumed completely. Thus, the
(Ni, Cu)3Sn4 phase was completely converted into the (Cu, Ni)6Sn5
phase and the reaction system changed from the SB/Au/Pd/Ni/brass
system to the Sn/Au/Pd/Ni/brass. This reaction mechanism was
similar to that of the Sn/Au/Pd/Ni/brass couples. Similar results
were found when the reaction temperature was  reduced to 255
and 240 ◦C. These results are listed in Table 1.

3.5. Sn–9 Zn (SZ)/Au/Pd/Ni/brass reaction couple

Fig. 6(b) shows the BEI image of the SZ/Au/Pd/Ni/brass system
reacted at 270 ◦C for 1 h. A eutectic structure (Zn) phase with a
black contrast and needle-like shape and �-Sn phase are observed
in the SZ solder. The continuous planar layer near the brass side
is the remaining Ni layer. Two continuous IMC  layers were formed
between the SZ solder and Ni. The smooth and light gray layer close
to the SZ solder is the Pd2Zn9 phase of Zn–14.2 Pd–3.4 Cu–2.7 Ni
(at.%) [28]. Another planar layer between the Pd2Zn9 phase and
Ni layer had a unique Zn–16.3 Ni–1.9 Cu (at.%) composition and it
was the Ni5Zn21 phase [17,31]. The thin Au layer rapidly dissolved
into the solder in the initial reaction [30], with high activity Zn
atoms aggregated at the interface to easily react with electroplated
elements of the substrate. Thus, the Pd2Zn9 phase was formed at
the interface. Zn atoms continuously diffused toward the Ni layer
and the Ni5Zn21 phase was  formed at the interface, as well. This
result is very similar to the SZ/Au/Pd/Ni/Cu system [14].

When the reaction time was  extended to 20 h, the Ni layer was

completely consumed. Three different contrast layers are observed
at the solder/brass interface, as shown in Fig. 8. The first layer with
a scalloped shape, close to the SZ solder is composed of Zn–17.4
Cu–4.6 Pd–1.4 Sn (at.%). This layer should be the CuZn5 phase
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Fig. 9. Deep-etched SEI micrographs of the SZ/Au/Pd/Ni

14,26].  The second layer with a light-gray contrast is the Pd2Zn9
hase, composed of Zn–10.1 Pd–7.9 Cu–2.0 Sn–1.2 Ni (at.%) [14,28].
he third layer, close to the brass side has a unique Zn–14.9 Ni–1.8
n–1.2 Cu (at.%) composition, and it is likely the Ni5Zn21 phase
14,28]. This result revealed that the Cu content in the Pd2Zn9 and
i5Zn21 phases at 20-h reaction time was greater than that for the
-h reaction. The brass is the source of the Cu atoms in this reaction
ystem. Since the Ni layer was consumed and destroyed, it could
ot act a diffusion barrier to block the Cu atoms from diffusing
oward the SZ solder. The Cu, Zn and Ni diffusion rates in the liquid
n were Cu > Zn > Ni > Sn [32]. Therefore, the Cu and Zn atoms from
he brass rapidly diffused through the Pd2Zn9 and Ni5Zn21 phases
o the interface and reacted with the Zn atoms from the SZ solder
o form the CuZn5 phase, which was the Cu-rich Zn IMC. The Cu
issolved into the Pd2Zn9 and Ni5Zn21 phases due to the consid-
rable solubility between Cu–Pd and Cu–Ni systems [28]. When a
reat amount of Cu atoms diffused toward the SZ solder, the Zn
oncentration in the Ni5Zn21 phase/brass interface became high.
he Zn atoms could continue to react with the remaining Cu atoms
o form the CuZn5 phase, which was a stable Cu-rich Zn IMC. The
rass substrate has 40 wt% Zn in it. Both Zn from the SZ solder and
rass diffused toward the Ni layer. Thus, the diffusion flux of the Zn

ncreased from both sides and reacted with the Ni layer to form the
i5Zn21 phase, not the NiZn phase. That’s why the Ni-rich Zn IMC
as formed at the interface.

Fig. 9(a) and (b) show deep-etched SEI micrographs of the
Z/Au/Pd/Ni/brass couples reacted at 270 ◦C for 1 h and 8 h, respec-
ively. Two planar layer IMC  phases can be observed in Fig. 9. The
bove IMC  layer near the SZ solder is the Pd2Zn9 phase and the other
ayer is the Ni5Zn21 phase. In this system, no cracks were found in
he Ni5Zn21 phase. However, there were many cracks in the Ni5Zn21
hase in the SZ/Au/Pd/Ni/Cu system [14]. In the SZ/Au/Pd/Ni/Cu
ystem, the NiZn phase was form in the early stage. When the
eaction time was increased, the NiZn phase was transformed to
he Ni5Zn21 phase. This crack might be due to the phase trans-
ormation. However, only the Ni5Zn21 phase was formed in the
Z/Au/Pd/Ni/brass system and no phase transformation occurred
etween the Ni–Zn IMCs. Therefore, no cracks were found in this
eaction system. The IMC  evolution in the SZ/Au/Pd/Ni/brass sys-
ems reacted at 250 and 240 ◦C are listed in Table 1.

. Conclusions
The interfacial reactions of Sn, Sn–3.0 wt% Ag–0.5 wt% Cu
SAC), Sn–0.7 wt% Cu (SC), Sn–58 wt% Bi (SB) and Sn–9 wt% Zn
SZ) lead-free solders with Au/Pd/Ni/brass multilayer substrate
ere systematically investigated in this study. The detailed IMC

[
[
[
[

 reaction system reacted at 270 ◦C for (a) 1 h and (b) 8 h.

evolution for each system was obtained. The results revealed that
the major IMCs formed at the interface were the (Cu, Ni)6Sn5
and CuZn phases in the Sn, SAC, and SC solders reacted with the
Au/Pd/Ni/brass. The (Ni, Cu)3Sn4, (Cu, Ni)6Sn5 and CuZn phases
were formed in the SB/Au/Pd/Ni/brass system. The CuZn5, Pd2Zn9,
Ni5Zn21 and Cu5Zn8 were formed between the SZ solder and
Au/Pd/Ni/brass substrate. Because the brass contained 40 wt%  Zn
in it and Cu atoms from the brass diffused toward the solder, the
Cu–Zn IMCs were formed in all reaction couples. This Cu–Zn IMCs
acted as a diffusion barrier. Thus, the Cu3Sn phase was not formed
at the interface. Our current study results reveal that the IMC  for-
mation in the solder/Au/Pd/Ni/brass systems is very sensitive to
the reaction times. Therefore, the electronic industry must assess
their choice of optimal reflowing and aging conditions to ensure the
joints exhibit consistent interfacial properties. This information is
very valuable for the soldering community.
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