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Abstract

Effects of the Ni(P) plating thickness on interfacial reaction in the Sn—58Bi/Ni(P)/Cu joint system were revealed. It was
found that the interfacial reaction was significantly influenced by the thickness of Ni(P) plating, and 0.1 pm Ni(P) plating
completely transformed into Ni,SnP layer after soldering. This Ni,SnP layer not only provided a large number of diffusion
channels but also reduced the solder joint reliability, demonstrating that 0.1 pm Ni(P) plating was not efficient in inhibiting
the diffusion process between solder and substrate. However, the Ni(P) plating with thickness more than 0.5 pm could effec-
tively inhibit atomic diffusion, and the Sn—Ni interaction would dominate the interfacial reaction instead of Cu—Sn phases.
Although the Ni(P) plating with thickness of 0.5 pm partly transformed into Ni,SnP layer, the growth rate of compound
layer was suppressed. In addition, the Ni;Sn, would transform into (Cu,Ni)¢Sns since Ni,SnP layer provided channels for
Cu diffusing toward the solder/Ni;Sn, interface. The Ni(P) plating with thickness of 1.5 pm remained integrated even after
aging for 240 h, nonetheless, the excessive thickness of this barrier was unnecessary. Thus, it could be concluded that the

appropriate thickness of Ni(P) plating should be controlled at 0.5-1.5 pm.

1 Introduction

Recently, the microelectronic packing industry has devel-
oped rapidly, and there was an urgent need for reliable
Cu-Sn solder joints. A reliable solder joint could not only
provide electrical connection, but also guarantee mechanical
connection for electronic products [1, 2]. As well known, the
reliability of solder joints was determined by the composi-
tion and thickness of the intermetallic compound (IMC).
Therefore, the reliability of solder joint can be evaluated
via observing the growth of the IMC [3]. In the past few
decades, Sn—Pb solder used to be widely employed in micro-
electronic packing due to its excellent mechanical properties
and wettability [4-6]. However, several Sn-based solders,
such as Sn—Ag, Sn—Bi, Sn—Ag—Cu solder, have replaced
Sn—Pb solder owing to much concern for the environment
and health [7, 8]. Among them, the Sn—58Bi eutectic solder
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with low melting point was particularly suitable for con-
necting electronic devices, which were susceptible to high
temperature damage [9, 10].

In general, the interfacial reaction between Cu substrate
and Sn-based solder occurred rapidly and formed the over-
grow IMC, which resulted in reduction of the joint reliability
[11, 12]. Electroless Ni(P) layer has been extensively used
in soldering as a diffusion barrier layer between solder and
substrate. According to previous studies, the reaction rate
between Sn—Ni was much slower than that between Sn—Cu
[2, 13]. During soldering, Ni atoms in the Ni(P) plating
would react with Sn-based solder, forming Ni—Sn compound
such as Ni;Sny, Ni,Sn and so on. Meanwhile, P atoms in the
Ni(P) plating accumulated at the interface between Ni—Sn
compound and substrate to form a P-rich layer (Ni;P or
Ni,SnP) [14]. Besides, it has been reported that the thickness
of Ni(P) plating had a significant influence on the reliability
of solder joints [15-18].

During the soldering process, the Ni(P) plating with
suitable thickness was regarded as a protective layer and a
diffusion barrier. And in previous studies, effects of Ni(P)
plating thickness on the interaction between Sn—3Ag—0.5Cu
solder and Electroless Ni(P)/Electroless Pd/Immersion Au
(ENEPIG) have been investigated. Ho et al. [2] found that
P-rich layer formed between the IMC and substrate when
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the thickness of Ni(P) plating exceeded 0.18 pm. Besides,
the growth of CugSns and Cu;Sn IMCs was suppressed with
the formation of P-rich IMC layer. Meanwhile, Ho et al. [19]
also confirmed that the growth of Ni,SnP layer could inhibit
the formation of (Cu,Ni)4Sns. Furthermore, Ho et al. [15]
confirmed that the interaction would transform from Cu—Sn
into Sn—Ni when the Ni(P) plating thickness increased from
0 to 7 pm. And the shear strength decreased with increase
of the Ni(P) plating thickness. Hong et al. [20] found that
the (Cu,Ni)sSns IMC layer formed at the bottom and top
sides of the interface regardless of the Ni(P) plating thick-
ness and aging condition. Furthermore, the shear strength
of the solder joint hardly changed when the plating thick-
ness increased from 0.7 to 1.0 pm. Although the interaction
between solder and Ni(P) plating thicker than 3.9 pm has
been reported [21], it was still lacking research about the
interfacial reaction between solder and Ni(P) plating with
different thickness. Therefore, the purpose of this study was
to investigate effects of Ni(P) plating thickness on the inter-
facial reaction in Sn—58Bi based joint systems.

2 Experimental procedures

The Cu plates were cut into the size of 10X 10 x 2 mm® and
polished with 0.25 pm diamond paste. Prior to electroless
plating, the Cu plates were immersed in hydrochloric acid
for 30 s to remove the oxides. The electroless Ni(P) layers

Table 1 Composition of the plating bath for Ni(P) electroless plating
solution

Components of plating bath Concentration
NiSO,-6H,0 30 (g/L)
NaH,PO,-H,0 35 (g/L)
Na;C¢Hs0,-2H,0 30 (g/L)
NH,Cl 50 (g/L)
CH,CH(OH)COOH 15 (mL/L)

Fig. 1 Microstructure of the
Ni(P) grains

with different thickness (0 pm, 0.1 pm, 0.5 pm and 1.5 pm)
were produced on the prepared Cu plates. The electroless
plating temperature was set to be 40 °C, and the composition
of electroless Ni(P) plating solution was listed in Table 1. As
shown in Fig. 1, the Ni(P) grain had a uniform surface and
the average size was eventually kept at~2.5 pm.

Before soldering, the commercial Sn—58Bi solder was
placed on the Cu substrates with Ni(P) plating. The process
of reflow soldering was conducted in an infrared-enhanced
reflow oven. After reflow soldering at 180 °C for 10 min,
four Sn—-58Bi/x Ni(P)/Cu (x=0 pm, 0.1 pm, 0.5 pm and
1.5 pm) joint systems were established. Then, all sam-
ples for solid aging were isothermally aged at 115 °C for
24,72, 120 and 240 h. After aging, all samples were cold
mounted, ground and polished to expose the cross-sectional
microstructure. The microstructure of interfacial IMC was
examined by Scanning Electron Microscopy (SEM), and the
composition of interfacial IMC was detected by Energy Dis-
persive Spectroscopy (EDS).

The thickness of IMC layers was measured by using
imaging software. And the procedure of analysis was as fol-
lows. (a) The widths of SEM image were gauged relative
to the scale bar; (b) the total number of image pixels was
recorded; (c) the number of pixels in the IMC was counted;
(d) the IMC thickness was calculated using the following
equation:

I=A/BxC (1)

where I denoted the thickness of the IMC, A was the num-
ber of pixels in the IMC, B was the number of pixels in the
image, and C represented the real height of the image.

3 Results and discussion
Figure 2 showed the microstructure evolution of IMC in the

Sn—58Bi/Cu solder joint. It was well known that Bi did not
react with Sn and Cu, therefore, Bi atoms segregated at the
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Fig.2 Microstructure of interfacial IMCs in the Sn—58Bi/Cu solder joint after a soldering and solid aging forb 24 h,¢72h,d 120 hand e 240 h

solder matrix to form Bi-rich phase (white phase). The inter-
facial IMCs marked in Figs. 2a and e were determined by
using EDS, and the results were shown in Fig. 3. According
to the EDS result, the IMC in Fig. 1a was composed of 53.12
at.% Cu and 46.88 at.% Sn, indicating that the IMC was
CugSns. And the IMC in Fig. 2e was composed of 72.77 at.%
Cu and 27.23 at.% Sn, indicating that the IMC was Cu;Sn.
It could be found that the CuySns IMC layer showed the
scallop-shape morphology after soldering [22]. Besides, the
CugSng IMC layer in the solder joint would transform from
scallop-shape to planar morphology after solid aging for
various durations [23-25]. It might be resulted from the low
diffusion rate of atoms during aging treatment. After aging
for 240 h, the thick CugSns IMC layer prevented the Sn atom
diffusing from solder to substrate. The interfacial reaction
transformed from Cu—Sn interaction to Cu—Cu4Sn; interac-
tion, and then a thin Cu;Sn IMC layer formed between the
Cu,Sn; layer and Cu substrate [26].

Figure 4 showed morphologies of interfacial IMCs in
the Sn—58Bi/Cu solder joint. It was clear that the CuySn;
showed pebble-shape with the smooth surface, and the
average dimension of CugSns grains increased from 0.79
to 2.05 pm. Obvious space could be observed between the
CugSn; grains after soldering, as shown in Fig. 4a. However,
grains grew by engulfing other grains and the space disap-
peared after aging for various times. These results were in
good agreement with those of previous studies [26-28].

Figure 5 showed the microstructure evolution of interfa-
cial IMC in the Sn—58Bi/0.1 Ni(P)/Cu solder joint. It was

@ Springer

clearly found that the 0.1 pm Ni(P) plating was completely
consumed after soldering and transformed into Ni,SnP layer
[2, 26]. It has been known that the Ni,SnP layer was weaker
in blocking diffusion than the NisP layer. Thus, it could be
found that the IMC layer formed at top and bottom sides of
the interface between solder and substrate after soldering.
The IMC layers were identified by using EDS, and results
showed that the composition of top-side IMC layer was
40.20 at.% Cu, 15.75 at.% Ni and 44.05 at.% Sn, indicating
that the IMC was (Cu,Ni)sSns. However, the bottom-side
IMC layer was composed of 68.57 at.% Cu, 4.02 at.% Ni and
27.41 at.% Sn, which meant that the bottom-side IMC layer
was (Cu,Ni);Sn. After aging for 24 h, the bottom (Cu,Ni);Sn
IMC layer reacted with Sn and transformed into (Cu,Ni)sSn;
IMC layer. This reaction process could be expressed by the
following equation:

2Cu3Sn + 3Sn — CugSng )

It could be found that the Sn—Cu interaction dominated
the reaction profile when the Ni(P) plating thickness was
0.1 pm.

It could be found that the growth rate of (Cu,Ni)¢Sns IMC
layer on the top side was slower than that on the bottom.
It might be the result of different diffusion rates between
Sn and Cu [29]. Meanwhile, (Cu,Ni)¢Sns IMC layer on the
top side showed scalloped-shape even after aging for 240 h.
However, it has been reported that the planar-type IMC
layer could more effectively prevent subsequent interfacial
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Fig.3 EDS results of a spec-
trum 1 in Fig. 2a, b spectrum 2
in Fig. 2e
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Fig.4 The top-view SEM images of Sn—58Bi/Cu solder joint after a soldering and aging forb 24 h,¢72h,d 120 h and e 240 h
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Fig.5 Microstructure of the interfacial IMC in the Sn—58Bi/0.1 Ni(P)/Cu solder joint after a soldering and solid aging for b 24 h, ¢ 72 h, d

120 h and e 240 h

reaction between solder and substrate [30]. Besides, the
Ni,SnP layer could significantly decrease the shear strength
of the solder joint [31]. However, in Ho’s investigation, the
structure of Ni-Sn—P IMC layer was confirmed to open up
channels for the Sn to diffuse into Cu substrate, thus, indicat-
ing that this Ni-Sn—P IMC layer did not function as an effi-
cient diffusion barrier. Thus, it could be concluded that the
0.1 pm Ni(P) plating could not suppress interfacial reactions,
and would reduce the mechanical strength of the solder joint.

Figure 6 showed the morphology of interfacial IMC in
the Sn—58Bi/0.1 Ni(P)/Cu solder joint. It could be noted
that the (Cu,Ni)sSns showed a needle-type morphology.
The difference of morphology was caused by Ni atoms par-
ticipating into the formation of CugSns [32-35]. It has been
reported that the substitution of Ni for Cu in the interaction
process changed the surface energy of (Cu,Ni)y,Sns grains
[32]. Besides, the needle-type (Cu,Ni)¢,Sns would trans-
form into chunk-type and hexagonal-type with increase of
aging time or Cu content [32, 35]. The large gaps between
randomly distributed grains provided fast diffusion chan-
nel for atoms between solder and substrate, which also
accelerated the formation of IMC layer. This could explain
why the (Cu,Ni)¢Sns IMC layer on the top side exhibited
scallop-type.

Figure 7 showed the microstructure evolution of interfa-
cial IMC in the Sn—58Bi/0.5 Ni(P)/Cu solder joint. It was
interesting that the Ni(P) plating remained integrated even
after aging for 24 h. It meant that the interfacial reaction
was dominated by the Ni—Sn interaction until the solder

@ Springer

joint aging for 24 h. Although the Ni(P) plating partly
transformed into Ni,SnP layer after aging for 72 h, only a
little solder diffused across the plating and reacted with Cu
substrate, as shown in Fig. 7c. And the IMC layer formed
at both bottom side and top side at the interface of solder/
Ni(P). The composition of top-side IMC was 34.04 at.%
Ni, 11.92 at.% Cu and 54.04 at.% Sn, which meant that the
IMC layer was (Ni,Cu);Sn,. Besides, the bottom-side IMC
layer was composed of 69.40 at.% Cu, 3.87 at.% Ni and
26.74 at.% Sn, indicating that the bottom-side IMC layer
was (Cu,Ni);Sn. It meant that the Ni(P) plating acted as
an effective diffusion barrier between solder and substrate
although it partially transformed into Ni,SnP layer. Mean-
time, the top-side IMC layer was consisted of 36.22 at.%
Cu, 19.35 at.% Cu and 44.43 at.% Sn, indicating that the
IMC layer was (Cu,Ni)sSns.

The Ni atom diffused from the Ni(P) plating and reacted
with Sn, and eventually formed a scallop-type IMC layer
during soldering, as shown in Fig. 7a. Remarkably, the
rate of atomic diffusion was suppressed during aging treat-
ment. The diffusion rate of Ni atoms through the valley
was faster than that through the peak, thus the IMC layer
showed a planar-type after aging for 24 h. However, the
transformation of Ni,SnP IMC opened the channel of
atomic diffusion [15]. Therefore, Sn diffused into the Cu
substrate to form a (Cu,Ni);Sn layer while Cu diffused to
the solder/Ni;Sn, interface to form a (Ni,Cu);Sn, IMC
layer. However, the increase of Cu content would be the
conversion of IMC from (Ni,Cu);Sn, to (Cu,Ni)¢Sns [36].



Journal of Materials Science: Materials in Electronics (2020) 31:11470-11481 11475

v,

)

(a)s 4
e |

Fig.7 Microstructure of the interfacial IMC in the Sn—58Bi/0.5 Ni(P)/Cu solder joint after a soldering and aging for b 24 h, ¢ 72 h, d 120 h and
e240h

And the conversion process could be express by the fol- Meanwhile, the (Cu,Ni)¢Sns IMC layer could act as a dif-
lowing equation: fusion barrier during aging [37]. It was clearly demonstrated
that the bottom-side IMC layer hardly grew after the for-
mation of the (Cu,Ni)¢Sns IMC layer, as shown in Fig. 7d
and e. Thus, it could be concluded that the 0.5 pm Ni(P)

Ni;Sn, + Cu — (Cu,Ni)sSn; 3)
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Fig.8 The top-view SEM
images of Sn—58Bi/0.5 Ni(P)/
Cu solder joint after a soldering
and aging forb24 h,c¢ 72 h,d
120 h and e 240 h
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plating could work as an effective diffusion barrier between
the Sn—58Bi solder and the Cu substrate.

Figure 8 showed the morphology of interfacial IMC in
the Sn—58Bi/0.5 Ni(P)/Cu solder joint. It could be found
that the Ni;Sn, IMC exhibited two kinds of morphologies:
chunk-type and boomerang-type. It had been reported that
the boomerang-type Ni;Sn, formed at the short early stage
of soldering [38, 39]. Wang and Liu [39] reported that the
Ni;Sn, would transform from boomerang-type into chunk-
type after soldering for 30 min. However, the boomerang-
type Ni;Sn, in this study only increased the grain size but
not changed the microstructure. The responsibility for
this should be low reaction temperature during the solid

@ Springer
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aging. However, the boomerang-type Ni;Sn, disappeared
after aging for 72 h, which might be the result of growing
up [39]. Besides, it could be found that the Ni;Sn, grain
transformed into (Cu,Ni)Sns, as marked in Fig. 8c. After
the Ni(P) plating partly transformed into Ni,SnP layer, Cu
atoms diffused along the grain boundaries to the Sn/Ni;Sn,
interface. The Cu content at the top of the grain gradu-
ally increased and eventually caused the transformation of
(Cu,Ni)¢Sns, as described in Eq. 3. The transformation just
began after aging for 72 h, which was the reason why the
IMC layer was identified as (Ni,Cu);Sn, in Fig. 7c. After
that, the Cu-Sn interaction dominated the interfacial reac-
tion. And the (Cu,Ni)¢Sns IMC layer formed at the interface
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Fig. 9 Microstructure of the interfacial IMC in the Sn—58Bi/1.5 Ni(P)/Cu solder joint after a soldering and aging for b 24 h, ¢ 72 h, d 120 h and

e240 h

was replaced with (Ni,Cu);Sn, with increase of aging time,
as shown in Fig. 8c—e.

Figure 9 showed the microstructure evolution of interfa-
cial IMC in the Sn—58Bi/1.5 Ni(P)/Cu solder joint. It could
be clearly found the Ni(P) plating with sufficient thickness
even after aging for 240 h. Naturally, the interfacial reac-
tion in solder joint was the Ni—Sn interaction throughout
aging process. Ni atom diffused from the Ni(P) plating and
reacted with Sn. And the Ni;Sn, IMC layer transformed
from scallop-type into planar-type as aging time increased,
as shown in Fig. 9a—e. Besides, the P atom in Ni(P) plating
was accumulated at the interface of Ni;Sn,/Ni(P) plating and
reacted with Ni to form a Ni;P layer [12, 40, 41]. It could
be noted that the Ni(P) plating hardly consumed during the
solid aging. Indeed, a thick Ni(P) plating could effectively
inhibit atom diffusion between the solder and substrate.
However, excessive thick Ni(P) plating not only hindered
the fine-pitch packaging application, but also reduced reli-
ability of electrical signals [15—17]. Besides, the excessive
thickness also increased the cost and created unnecessary
waste. Thus it was suggested that the 1.5 pm Ni(P) plating
was over-thick in this study.

Figure 10 showed morphologies of interfacial IMCs in
the Sn—58Bi/1.5 Ni(P)/Cu solder joint. It could be found that
the Ni;Sn, IMCs also showed chunk-type and boomerang-
type, which was similar to those in Fig. 8a. However, the
boomerang-type Ni;Sn, grains grew and transformed into
chunk-type with increase of aging time, as shown in Fig. 10b
and c [39]. Meanwhile, the chunk-type grains hardly grew

during aging. It might be the result of thick Ni(P) plating
acting as an effective diffusion barrier between the solder
and substrate. The transformation of (Cu,Ni)¢Sns could not
be found in the Sn—58Bi/1.5 Ni(P)/Cu solder joint, which
meant that the transformation in the Sn—58Bi/1.5 Ni(P)/
Cu solder joint was driven by the Cu diffusing through the
Ni,SnP layer.

Figure 11 showed the schematic of interfacial IMC evo-
lution in soldering systems. Pebble-type CuSns grains ini-
tially formed at the interface of Sn—58Bi/Cu solder joint, as
represented in region I. And with increase of aging time, the
pebble-type CugSns grains gradually grew and their mor-
phologies would not change. However, as the thickness of
Ni(P) plating increased, Ni atoms participated in the IMC
formation and changed the morphology of IMC grains.
Needle-type (Cu,Ni)Sns grains formed at the interface of
Sn—58Bi/0.1 Ni(P)/Cu solder joint, as revealed in region II
[32, 42]. Although it had been reported that the needle-type
(Cu,Ni)Sns grains would transformed into hexagonal-type
[32, 34, 43], the morphology of needle-type (Cu,Ni),Sns
grains did not change in this study, which was caused by the
low aging temperature and low Ni concentration. When the
thickness of Ni(P) plating increased to more than 0.5 pm, the
Ni—Sn interaction dominated the interfacial reaction. It could
be found that chunk-type Ni;Sn, and boomerang-type Ni;Sn,
were formed at the interface between solder and Ni(P) plat-
ing, as described in region V. However, the boomerang-type
Ni;Sn, grains grew and transformed into chunk-type with
increase of aging time [39], as shown in Fig. 10a—c. And this
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Fig. 10 The top-view SEM images of Sn—58Bi/1.5 Ni(P)/Cu solder joint after a soldering and aging forb 24 h,¢72h,d 120hand e 240 h
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Fig. 11 Schematic of interfacial IMC evolution in solder joints

process was illustrated in region IV. It could be concluded
from Fig. 8c that (Ni,Cu);Sn, grains remained chunk-type
even though some Ni atom was substituted by Cu atoms.
However, more Cu atoms diffused from the substrate and
changed the ratio of Cu and Ni at the interface when chan-
nels appeared in the Ni,SnP layer, which caused the trans-
formation of (Cu,Ni)¢Sns. This transition process could be
presented by region III and region IV in Fig. 11.

In order to investigate kinetics of IMC growth, thick-
nesses of IMC layers in this study were measured using
Eq. 1, as demonstrated in Table. 2. According to Kim et al.
[44], the growth behavior of IMCs generally followed the
line or parabola type during the solid-state aging. The
growth rate was controlled by reaction rate when the IMC
growth follows the linear kinetics, whereas parabolic growth
kinetics implies that the IMC growth was controlled by vol-
ume diffusion. It could be found that the growth behavior of
IMC in this study followed a parabolic type. In other words,
all IMCs growths were controlled by volume diffusion dur-
ing solid-state aging in this study.

Table 2 Results of the mean

. Aging time (h)
IMC thickness of solder systems

0 24 72 120 240

in this study during aging Total IMC thickness in different solder joint (um) Sn—58Bi/Cu 157 196 2.40 2.80 3.43

Sn-58Bi/0.1 Ni(P)/Cu 1.49 1.74 3.34 242 3.06
Sn-58Bi/0.5 Ni(P)/Cu 1.03 1.09 1.53 1.87 2.12
Sn-58Bi/1.5 Ni(P)/Cu 094 1.07 127 128 1.30
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Fig.12 The relationship between the IMC thickness growth and
square root of the solid aging time

The thickness of the IMC layer growth during solid aging
condition could be expressed by the following equation [45]:

Y =A("+B @)

where Y was the thickness of IMC layer at time ¢, B was
the initial thickness of the IMC layer after reflow solder-
ing, A was the IMC growth rate constant and n denoted the
time exponent. It has been reported that the time exponent
n varied from 0.3 [46, 47] to 0.5 [48-50], and even to 0.6
[50]. The IMC growth in this study occurred at solid aging
stage, which suggested that the IMC growth was controlled
by volume diffusion. Thus, the time exponent 7 in this study
should be equal to 0.5.

Figure 12 showed the relationship between the IMC
thickness growth and the square root of solid aging time.
It was shown that the IMC growth kinetics of Sn—58Bi/Cu
solder joint, Sn—58Bi/0.1 Ni(P)/Cu solder joint, Sn—58Bi/0.5
Ni(P)/Cu solder joint and Sn—58Bi/1.5 Ni(P)/Cu solder
joint were 0.114 pum/h'2, 0.097 pm/h'2, 0.071 pm/h'2, and
0.026 pm/h'2, respectively. Both the thickness and growth
kinetic of the IMC layer in the Sn—58Bi/Cu solder joint were
much larger than those in Sn—58Bi/Ni(P)/Cu solder systems,
regardless of the Ni(P) plating thickness, so it could be
attributed to the diffusion barrier of Ni(P) plating. Neverthe-
less, although the growth rate of IMC layer in Sn—58Bi/1.5
Ni(P)/Cu solder joint was the lowest, excessive Ni(P) layer
was observed after aging treatment, which suggested that the
thickness of this diffusion barrier could be decreased prop-
erly. On the other hand, the Ni(P) barrier would be almost
consumed after aging for 72 h, thus it could be concluded
that the appropriate thickness of Ni(P) plating should be
controlled at 0.5-1.5 pm.

4 Conclusion

In this study, the microstructure evolution of interfacial
IMCs in Sn—58Bi/x Ni(P)/Cu solder joints (x=0 pm, 0.1 pm,
0.5 pm and 1.5 pm) were investigated after soldering and
solid-state aging for various duration. It was found that the
0.1 pm Ni(P) plating was rapidly consumed after soldering
and completely transformed into Ni,SnP layer. This Ni,SnP
layer could not be efficient in inhibiting the atomic diffu-
sion, and would degrade the reliability. Besides, the grain
formed at the interface was needle-type (Cu,Ni),Sns. The
Ni—Sn interaction dominated the interfacial reaction when
the thickness of Ni(P) plating increased to 0.5 pm. However,
the Ni(P) plating partly transformed into Ni,SnP after aging
for 72 h. After that, Cu atoms diffused through the plating
and participated into the interaction. The chunk-type Ni;Sn,
and boomerang-type Ni;Sn, transformed into chunk-type
(Cu,Ni)¢Sns in Sn—58Bi/0.5 Ni(P)/Cu solder joint, while
the IMC layer forming in the Sn—58Bi/1.5 Ni(P)/Cu solder
joint was always Ni,;Sn, during the aging process. Although
the growth rate of IMC layer in Sn—58Bi/1.5 Ni(P)/Cu solder
joint was the lowest, excessive Ni(P) layer was observed
after aging treatment, which suggested that the thickness
of this diffusion barrier could be decreased properly, and
it concluded that the appropriate thickness of Ni(P) plating
should be controlled at 0.5-1.5 pm.
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