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Abstract

The microelectronics packaging industry, although rapidly growing, faces several challenges including 3-D integration,
issues with multifunctional capability, and fluctuating input/output (I/O) density, among others. Better-performing micro-
electronics assemblies for mitigating these challenges require alloys with superior solderability and minimal metallization
layer thickness. To this end, in this study, we investigated two kinds of electroless-nickel electroless-palladium immersion
gold (ENEPIG) with 0.3 pm Ni, 0.1 pm pure Pd or Pd-phosphorous (Pd(P)), and 0.1 pm Au layers plated on a printed circuit
board (PCB) substrate. To analyze the effects of the pure Pd and Pd(P) layers in the thin ENEPIG, we evaluated the interfa-
cial reactions and mechanical properties of the SAC305 solder with a pure Pd or Pd(P) layer in the thin ENEPIG joints after
aging at 150 °C. Needle-type and chunky-type (Cu,Ni)sSns IMCs were formed at the interfaces of the pure Pd and Pd(P)
joints, respectively. The (Cu,Ni)¢Sns IMC of the pure Pd joint was thinner than that of the Pd(P) joint after reflowing and
aging for 100 h. However, the total IMC of the Pd(P) joint was thinner than that of the pure Pd joint from 250 to 1000 h. In a
low-speed shear test, the shear strength of the Pd(P) joint was higher than that of the pure Pd joint for the entire aging time.
Most fractures occurred at the Sn-rich surface with a ductile mode, regardless of the different substrates and aging times.
After high-speed shear testing, the shear strength of the pure Pd joint was higher than that of the Pd(P) joint until aging for
100 h. After aging for 250 h, the shear strength of the Pd(P) joint was higher than that of the pure Pd joint. The results for
brittle fracture rate were similar to those for high-speed shear strength. Hence, Pd(P) joints are expected to demonstrate
higher reliabilities than pure Pd joints after long aging treatment.

1 Introduction

The microelectronics packaging industry has continuous
demands for advanced device performance such as minia-
turization, 3-D integration, multifunctional capability, and
high input/output (I/O) density [1, 2]. These performances
depend on factors of highly reliable interconnections and
fine-pitch process during microelectronic assembly [3-5].
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Therefore, superior solderability and minimal metallization
layer thickness have critical issues for joining technology. As
such, thin surface finishes with high joint reliability contrib-
ute to fine-pitch and low-cost manufacturing.

In the early 2000s, eutectic Sn—Pb solder was banned as
a part of restrictions on the use of certain hazardous sub-
stances (RoHS) and waste electrical and electronic equip-
ment (WEEE) owing to the toxicity of Pb, which is harm-
ful for humans and causes environment pollution [6, 7].
Therefore, many kinds of Pb-free solder alloys have been
developed to replace the Sn—Pb solder used in microelec-
tronics. Most Pb-free solder alloys are Sn-base ones such as
Sn—Ag, Sn—Ag—Cu, Sn—Cu, Sn—Bi, and Sn—Ni solder fami-
lies [8-21]. Among these, Sn—Ag—Cu is the most favorable
solder alloy due to its excellent characteristics, including
good wettability, high creep resistance, low coarsening rate,
and long-term reliability [22-26].

In addition, various surface finishes have been used
to increase joint reliability, including immersion Ag,
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immersion Sn, organic solderability preservative (OSP),
and electroless-nickel immersion gold (ENIG). An OSP
surface finish is used mainly to prevent Cu oxidation and
has a competitive price [27-29]. An ENIG surface finish
has excellent wettability and retards intermetallic compound
(IMC) growth [30, 31]. In the ENIG system, the Au layer
improves the wettability and the Ni layer plays the role of
a diffusion barrier for Cu atoms. However, galvanic hyper-
corrosion of the Ni layer leads to the “black pad” phenom-
enon, which can degrade the reliability of the solder joints
[31-33]. To enhance the reliability of the ENIG surface
finish, the electroless-nickel electroless-palladium immer-
sion gold (ENEPIG) surface finish has been developed. A
Pd layer is placed between the Au and Ni layers; this layer
acts as a diffusion barrier and wetting layer [34-38]. In the
Pd layer plating process, the phosphorus (P) is mostly used
as a reduction agent [39]. There are two methods for plating
the Pd layer on the Ni(P) layer. The pure Pd (crystalline) and
Pd(P) (amorphous) layers are formed using formic acid and
hypophosphorous acid, respectively. These methods are the
most commonly used plating methods for the Pd layer in the
ENEPIG surface finishing process. To improve the produc-
tivity of the ENEPIG surface finish, thin ENEPIG surface-
finished printed circuit boards (PCBs) have been developed
[40, 41]. However, research comparing the use of pure Pd or
Pd(P) in the ENEPIG surface finish is lacking.

In this study, we investigated the effects of phos-
phorus (P) in the Pd layer of thin ENEPIG PCBs with a
Sn—-3.0Ag—0.5Cu (SAC305) solder joint. For this purpose,
the interfacial reactions and mechanical properties of the
SAC305 solder joints with a pure Pd or Pd(P) layer in the
thin ENEPIG PCB joints (pure Pd or Pd(P) joints) were
investigated after reflowing and aging treatments.

2 Experimental

In this study, two kinds of Pd layer structures contained
within the thin ENEPIG surface finish were investigated.
The thin ENEPIG surface finish was composed of a 0.3 um
Ni(P), 0.1 um pure Pd or Pd(P), and a 0.1 um Au layer on
the Cu PCB substrate. The sequence of the ENEPIG sur-
face finishing process is as follows: cleaning—soft etch-
ing—acid dipping—pre-dipping—catalysis at the Cu and
Ni interface—post dipping—electroless Ni(P)—electro-
less Pd or Pd(P)—immersion Au. Each step during the
ENEPIG surface finishing process has different processing
temperatures and dipping times to achieve optimized plat-
ing properties. In the Pd layer plating process, two kinds
of Pd layer, pure Pd and Pd(P), were formed using formic
acid and hypophosphoric acid, respectively. The pure Pd
and Pd(P) layers were plated at 65 °C and 50 °C, respec-
tively, for 10 min. The PCB substrate was a surface-mounted
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device (SMD)-type flame-retardant-4 (FR-4). The SAC305
solder paste (M705-GRN360-K2-V, Senju Metal Industry
Co. Ltd., Japan) was printed on the ENEPIG-plated Cu pad
using a screen-printing method. After printing, SAC305 sol-
der balls (Duksan Hi-Metal Co. Ltd., Korea) were placed
on the printed SAC305 solder paste. The diameter of each
SAC305 solder ball was 450 um and that of the Cu pad
opening on the PCB was 350 um. The reflow process was
then performed at a peak temperature of 260 °C for 5 min
using a reflow machine (Heller Co. Ltd., USA). The reflow
profile is shown in Fig. 1. After the reflow process, samples
were cooled at room temperature and the flux was removed
using a deflux solution and alcohol. The pure Pd and Pd(P)
joints were aged at 150 °C for 100, 250, 500, and 1000 h.
The microstructures and fracture surfaces of the pure Pd and
Pd(P) joints were examined using an electron probe micro
analyzer (EPMA, SX-100, CAMECA, USA) and a scan-
ning electron microscope (SEM, INSPECT F, FEI, USA).
The chemical compositions of these solder joints were
determined by energy-dispersive spectroscopy (EDS). The
mechanical strengths of the pure Pd and Pd(P) joints were
evaluated using global low-speed and high-speed ball shear
testers (DAGE-4000 and DAGE-4000HS, Nordson DAGE,
UK). A schematic diagram of the ball shear tests is shown in
Fig. 2. The conditions of shear testing were 50 um of shear
height and 200 pm/s and 1 m/s of shear speed in compli-
ance with the Joint Electron Device Engineering Council
(JEDEC) standard 22-B117A.

3 Results and discussion

Figure 3 shows the cross-sectional SEM micrographs of
the pure Pd and Pd(P) joints after reflowing. A needle-type
(Cu,Ni)¢Sns IMC and P-rich Ni layers were formed at the
interface between the SAC305 solder and the pure Pd joint,
as shown in Fig. 3a. The composition of this IMC layer was
determined to be 17.45 at.% Ni, 39.5 at.% Cu, and 43.05 at.%
Sn. In general, the Au and Pd layers which were plated on the
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Fig. 1 Reflow temperature profile
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Fig.2 Schematic diagram of ball shear test

Ni(P) layer in the ENEPIG surface finish were rapidly dis-
solved into the SAC solder during the reflow process. Then,
Sn and Cu in the SAC solder and Ni in the surface-finished
PCB substrate reacted and formed (Cu,Ni)sSns which was
the dominant IMC at the interface between Cu-containing
Sn-rich solder and the thin ENEPIG joint after reflowing and
aging. In contrast, chunky-type (Cu,Ni)sSns IMCs formed
at the interface between the SAC305 solder and Pd(P) joints
after reflow (Fig. 3b). Unlike the (Cu,Ni)sSns IMC of the
pure Pd joint that only formed at the top of the interface, the
(Cu,Ni)sSns IMC of the Pd(P) joints formed at the top and
bottom of the interface between the SAC 305 solder and Cu
substrate. During the reflow reaction, the Ni(P) layer was
almost consumed, and the P-rich Ni layer that was formed
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was partially destroyed by molten solder. As a result, the
molten solder reacted with the Cu substrate and formed the
IMC under the P-rich Ni layer.

Figure 4 shows the cross-sectional SEM micrographs of
the pure Pd joints after aging at 150 °C for up to 1000 h.
The P-rich Ni layer formed at the interface between the
(Cu,Ni)¢Sns IMC and Cu substrate until aged for 100 h.
After aging for 250 h, only the (Cu,Ni),Sns IMC remained
at the interface, as shown in Fig. 4c. It is interesting to note
that the interfacial IMC thickness rapidly increased between
100 and 250 h due to the fast diffusion of Cu to form the
(Cu,Ni)¢Sns IMC layer. Therefore, the (Cu,Ni)sSns IMC
layer rapidly grew toward the direction of the solder after
100 h of aging. During prolonged aging for 1000 h, the
(Cu,Ni)sSns IMC layer continued to thicken. The Cu in the
substrate was continuously supplied toward the interface and
then the (Cu,Ni)¢Sns IMC grew toward the direction of the
solder. A relatively flat interface between the (Cu,Ni)sSns
IMC layer and the Cu substrate was observed in the pure Pd
joint, as shown in Fig. 4.

Markedly different interfacial microstructures are
observed in the Pd(P) joints. Figure 5 shows the cross-
sectional SEM micrographs of the Pd(P) joints after aging
at 150 °C for up to 1000 h. The top and bottom of the
(Cu,Ni)(Sns IMCs gradually increased with aging time in
both directions. Compared with the pure Pd joint (Fig. 4),
the top and bottom of the (Cu,Ni),Sn5 IMCs became simul-
taneously more coarse at the interface of the Pd(P) joint in
the direction of both the solder and substrate. In addition,
the IMC interface was rough and uneven.

The total IMC thicknesses of the pure Pd and Pd(P)
joints as a function of aging time are shown in Fig. 6. After
reflow, the IMC thicknesses of the pure Pd and Pd(P) joints

»

Fig.3 Cross-sectional SEM micrographs of Sn—3.0Ag—0.5Cu solder with a pure Pd and b Pd(P) containing thin ENEPIG surface-finished PCB

joints after reflow
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Fig.4 Cross-sectional SEM micrographs of Sn—3.0Ag—0.5Cu solder with pure Pd containing thin ENEPIG surface-finished PCB joints after
aging at 150 °C. After a reflow, b 100 h, ¢ 250 h, d 500 h, and e 1000 h
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Fig.5 Cross-sectional SEM micrographs of Sn—3.0Ag—0.5Cu solder with Pd(P) containing thin ENEPIG surface-finished PCB joints after aging
at 150 °C. After a reflow, b 100 h, ¢ 250 h, d 500 h, and e 1000 h
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Fig.6 Total IMC thickness as a function of aging time at 150 °C
for Sn—3.0Ag—0.5Cu solder with pure Pd and Pd(P) containing thin
ENEPIG surface-finished PCB joints

were 1.59 and 2.49 um, respectively. The (Cu,Ni)¢Sns IMC
thicknesses of both pure Pd and Pd(P) joints increased with
increasing aging time. The IMC of the Pd(P) joint was
thicker than that of the pure Pd joint up to an aging time
of 100 h. However, the IMC growth rate of the Pd(P) joint
slightly decreased between 100 and 250 h of aging, while
that of the pure Pd joint increased rapidly. As a result, the
IMC of the pure Pd joint was thicker than that of the Pd(P)
joint after aging between 250 to 1000 h. After aging for
1000 h, the IMC of the pure Pd joint was approximately 1.4
times thicker than that of the Pd(P) joint.

Figures 7a and b show the cross-sectional EPMA map-
ping results of the pure Pd joints after aging at 150 °C for
100 and 250 h, respectively. The P, which was contained in
the Ni(P) layer, was detected on the Cu substrate. In addi-
tion, a relative abundance of Ni was detected between the
(Cu,Ni)¢Sns IMC and the Cu substrate. Au and Pd were
not observed at the joint interface because these elements
were already completely dissolved into the solder during
the reflow process. The (Cu,Ni)¢Sns IMC layer mainly grew
toward the SAC305 solder during the 100 h of aging. After
250 h, the (Cu,Ni)¢Sns IMC had grown rapidly toward the
direction of the SAC solder and most of the Ni was still
located at the bottom of the interface. From the Ni elemental
mapping image, we confirmed the position of the original
Ni/Cu interface and the direction of growth of the IMC layer
toward the SAC solder. The P-rich Ni was simultaneously
destroyed by diffusion of Sn and Cu into the Cu substrate
and Sn-rich solder of pure Pd and Pd(P) joint. As a result,
the growth rates of the IMC layer for both pure Pd and Pd(P)
joints rapidly increased after aging for 250 h.

Compared with the pure Pd joint, the Pd(P) joint showed
a different microstructure (Fig. 8). Some Ni was detected in
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the middle of the interface, and Sn diffused into the Cu sub-
strate. The location of Ni reflected the original Ni/Cu inter-
face. As a result, the (Cu,Ni)¢Sns IMC layer grew toward
both the SAC305 solder and the Cu pad. The P-rich Ni layer
was partially destroyed by the induced rapid diffusion of Sn
into the Cu substrate of the Pd(P) joint. As a result, a part of
the P-rich Ni layer was consumed to form (Cu,Ni)¢Sns IMC
at the interface of the pure Pd joint after aging for 100 h.
However, at the interface of the pure Pd joint, the P-rich Ni
layer, after aging for 100 h, was thicker than that of the Pd(P)
joint which was almost destroyed, owing to the formation
of the top and bottom layers of (Cu,Ni)¢,Sns IMC. In addi-
tion, the dimension and thickness of the P-rich Ni layer at
the interface of the pure Pd joint after aging for 100 h were
greater than after 250 h of aging.

Figure 9 shows the schematic diagrams of sequential
interfacial reactions at the pure Pd and Pd(P) joints with
aging time. As shown in Fig. 9a, the Cu in the Cu substrate
diffused toward the solder matrix only after aging. The dif-
fusion of Cu toward the SAC solder was prominent, regard-
less of the P-rich Ni layer on the Cu substrate. As a result,
the (Cu,Ni)¢Sns IMC layer only grew in the direction of the
solder. For these reasons, the Cu was the main diffusion ele-
ment for the growth of the interfacial (Cu,Ni)¢,Sns IMC layer
of the pure Pd joint. In contrast, the (Cu,Ni)sSns IMC layer
of the Pd(P) joint (Fig. 9c) grew toward both the solder and
the Cu substrate, and its thickness was greater than that of
the pure Pd joint at reflowing and initial aging. The cause
of the thicker IMC layer of the Pd(P) joint compared to the
pure Pd joint was the formation of chunky-type (Cu,Ni)sSn;
IMCs and rapid Sn diffusion due to the partial destruction of
the P-rich Ni layer in the Pd(P) joint. The Sn diffused into
the valleys of the chunky-type (Cu,Ni)sSns IMCs to form
IMC:s at the bottom of the interface that grew toward the Cu
substrate. As well as Sn, Cu diffused under aging. Therefore,
Sn was the main diffusion element in the Pd(P) joint. On
the other hand, in the pure Pd joint after long-term aging
(Fig. 9b), Cu was the main diffusion element and the inter-
facial IMC layer grew continuously with increasing aging
time. In addition, the P-rich Ni layer became exhausted at the
interface after a long duration of aging because the bottom
of the (Cu,Ni)sSns IMC grew at the location of the P-rich Ni
layer. P-rich Ni layers act as diffusion barriers to Cu atoms
moving toward the Sn-rich solder [42]. However, consump-
tion of the P-rich Ni layer at the joint facilitated Cu diffusion
from the Cu substrate. As a result, relatively thick interfacial
IMCs formed at the pure Pd joint after aging for 250 h. We
indicated the growth directions of the interfacial IMC layer
and original Ni/Cu interfaces using black arrows and pink-
colored lines, respectively, in Fig. 9.

Figure 10 shows the high-speed (a) and low-speed (b)
shear strengths of the pure Pd and Pd(P) joints as a function
of aging time. As shown in Fig. 10a, the high-speed shear
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Fig.7 SEM elemental mapping of Sn—-3.0Ag—0.5Cu solder with pure Pd containing thin ENEPIG surface-finished PCB joints after aging at

150°C.a 100 hand b 250 h

strength of the pure Pd joint was slightly higher than that of
the Pd(P) joint up to an aging time of 100 h. The high-speed
shear strength of both the pure Pd and Pd(P) joints rapidly
decreased after 100 h of aging. In addition, the high-speed
shear strength of the Pd(P) joint was slightly higher than that
of the pure Pd joint after aging for 250 h. There was a cross-
ing point between 100 and 250 h. These results are consist-
ent with the IMC thickness result (Fig. 6), which explains
why the shear strengths measured by high-speed shear
tests as a type of impact testing, and were closely related
to the interfacial IMC thickness. Similar results have been
reported in the literature [41-43]. After aging for 500 h, the
shear strengths of both solder joints were not significantly
changed.

Low-speed shear strength variations of the pure Pd
and Pd(P) joints during aging are shown in Fig. 10b. The

low-speed shear strength of the SAC solder joints with pure
Pd and Pd(P) joints decreased with increasing aging time.
In particular, the shear strength for both joints significantly
decreased after aging for 24 h. However, the shear strength
of the Pd(P) joint was slightly higher than that of the pure
Pd joint, regardless of aging time.

Figure 11 shows the top view SEM micrographs of the
pure Pd and Pd(P) joints after high-speed shear testing. The
fracture surface of the pure Pd joint after reflow (Fig. 11a)
was mostly a Sn-rich matrix with a ductile mode. Part of the
fracture surface was observed at the P-rich Ni layer, but most
of the fracture surface was the Sn-rich solder up to 100 h
(Fig. 11b). However, both the (Cu,Ni)¢Sns IMC and solder
surface featured at the fracture surface after 250 h. As shown
in Fig. 11(d-e), the (Cu,Ni)¢Sns IMC occupied more than
60% of the total fracture surface after aging between 500 and
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Fig.8 SEM elemental mapping of Sn-3.0Ag—0.5Cu solder with Pd(P) containing thin ENEPIG surface-finished PCB joints after aging at

150 °C.a 100 h and b 250 h

1000 h. For the Pd(P) joints, the solder and (Cu,Ni)¢Sn; IMC
surface were observed on the fracture surface after reflowing
(Fig. 11f). After aging for 100 h, the (Cu,Ni),Sns IMC sur-
face occupied approximately a quarter of the fracture surface
(Fig. 11g). After aging for 250 h, the area of the (Cu,Ni)sSn;
IMC surface slightly increased on the fractured surface
(Fig. 11h). However, the area of the fractured (Cu,Ni)sSn;
IMC did not significantly increase after aging between 250
and 1000 h. These fracture analysis results are consistent
with the high-speed shear strength results (Fig. 10a).
Figure 12 shows the top view SEM micrographs of the
pure Pd and Pd(P) joints after low-speed shear testing. Most
of the fracture surface for both the pure Pd and Pd(P) joints
after low-speed shear testing were comprised of a Sn-rich
matrix with a ductile fracture mode. The initial decrease in
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the low-speed shear strength (Fig. 10b) was mainly due to
the softening of the solder matrix during isothermal aging
at 150 °C [22, 44].

Figure 13 shows the brittle fracture rate of the pure Pd
and Pd(P) joints as a function of aging time after high-speed
shear testing. The brittle fracture rate of the pure Pd joint
was less than 10% after aging for 100 h but increased with
increasing aging time, up to about 60%. In contrast, the
Pd(P) joint had a higher brittle fracture rate during the initial
aging stage. However, the magnitude of the brittle fracture
rate increase was not significant with increasing aging time.
The brittle fracture rate of the Pd(P) joint after aging for
1000 h was about 40%.

Force—displacement (F—x) curves for the pure Pd and
Pd(P) joints after high-speed and low-speed shear testing
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Fig. 10 Shear strength of Sn—3.0Ag—0.5Cu solder with pure Pd and Pd(P) containing thin ENEPIG surface-finished PCB joints as a function of
aging time. After a high-speed and b low-speed shear testing

are shown in Fig. 14. As shown in Fig. 14a and b, both
the pure Pd and Pd(P) joints were similar to the reflowed
joints after aging for 100 h. After the high-speed shear test,

the high-speed shear strength and distance of both the pure
Pd and Pd(P) joints (Fig. 14a, b) were gradually decreased
from approximately 160 MPa to about 90 or 110 MPa,
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Fig. 11 Top view SEM micrographs of Sn—3.0Ag—0.5Cu solder with pure Pd or Pd(P) containing thin ENEPIG surface-finished PCB joints after
high-speed shear testing. a—e Pure Pd, f—j Pd(P), a and f after reflow, b and g 100 h, ¢ and h 250 h, d and i 500 h, and e and j 1000 h
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Fig. 12 Top view SEM micrographs of Sn—3.0Ag—0.5Cu solder with pure Pd or Pd(P) containing thin ENEPIG surface-finished PCB joints after
low-speed shear testing. a—e Pure Pd, f—j Pd(P), a and f after reflow, b and g 100 h, ¢ and h 250 h, d and i 500 h, and e and j 1000 h

with increasing aging time. The fracture energy (F—x curve
dimension) of the pure Pd joints was lower than that of the
Pd(P) joint after each aging interval. Moreover, the shear
strength of the pure Pd joints was evident as the stress rap-
idly dropped after the peak maximum with increasing aging
time. However, the shear strength of the Pd(P) joints gradu-
ally decreased after peak maximum, regardless of aging
time.

After the low-speed shear test, the F—x curves of both
the pure Pd and Pd(P) joints featured quite different shapes
compared with those after the high-speed shear test. The
shear strength reduction rate of both the pure Pd and Pd(P)
joints after the low-speed shear test was lower than that of
the high-speed shear test, regardless of aging time. In addi-
tion, the distance of the pure Pd and Pd(P) joints after the

@ Springer

high-speed shear test was rapidly shortened with increas-
ing aging time, but that of the low-speed shear test showed
similar results to those obtained after reflowing and aging
for 1000 h. The reason for the difference in the F—x curve
shape according to the shear speed is that the thickness of
the IMC is more susceptible to higher speed and the brittle
fracture mode [43]. These F—x analysis results are consist-
ent with the results of interfacial IMC thickness (Fig. 6) and
shear strength (Fig. 10). These different shaped F—x curves
and shear strength results relate to the deformation frac-
ture modes. The fracture modes of both the pure Pd and
Pd(P) joints after high-speed shear tests tend to increase the
(Cu,Ni)gSns IMC fracture surface dimension, and a brittle
fracture mode was observed. As mentioned before, the IMC
thickness and shear strength are closely related, and the
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function of aging time after high-speed shear testing
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shear strength values affect the fracture modes. The brittle
fracture dimension of the pure Pd joint after aging for 250 h
is larger than that of the Pd(P) joint, with similar results in
high-speed shear strength. The fracture modes of the pure
Pd and Pd(P) joints after low-speed shear tests were mostly
solder surfaces with a ductile fracture mode.

On the other hand, typical ductile fracture curves were
observed in the low-speed shear tests, as shown in Fig. 14c,
d. As discussed, brittle fractures were not observed in the
low-speed shear tests.

4 Conclusion

In this study, we compared the interfacial reactions and
mechanical properties of a thin ENEPIG PCB substrate
containing a pure Pd or Pd(P) layer with SAC305 solder
joints after reflowing and aging treatment. A needle-type
(Cu,Ni)¢Sns IMC and a P-rich Ni layer formed at the pure

180

—_ . () b
g 160 | (b) e 24 b
e o e 100h
£ 0 e 250h
g nop 500h
£ e 750h
5 1001 1000k
-7}
= st
=1
& el
B
T 4
:: 20
0 T 1
0 100 200 300 400 500 600
Distance (tm)
20
- J—TS
g 80 e 24
e e 100h
g nr =250k
5 60 500h
£ e 750h
= SO 1000k
-}
= 40
=]
& 30
(=]
w
= 20
(=]
|
10
0 5 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400
Distan ce ((m)

Fig. 14 F—x curves of Sn—3.0Ag—0.5Cu solder with pure Pd or Pd(P) containing thin ENEPIG surface-finished PCB joints after shear testing. a
and ¢ Pure Pd, b and d Pd(P), a and b high-speed shear testing, and ¢ and d low-speed shear testing
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Pd joint and a chunky-type (Cu,Ni),Sns IMC formed at the
Pd(P) joint after reflowing. For both the pure Pd and Pd(P)
joints, dominant (Cu,Ni),Sns IMCs grew as the aging time
increased. The (Cu,Ni) 4Sns IMC of the pure Pd joint was
slightly thinner than that of the Pd(P) joint after aging for
100 h. However, the (Cu,Ni)sSns IMC of the pure Pd joint
was thicker than that of the Pd(P) joint after aging for 250 h.
The growth rate of the interfacial IMC layer was mainly
controlled by the IMC morphology and the main diffusion
element during the aging treatment. In the pure Pd joints, the
Cu in the substrate was continuously supplied to the inter-
face and then the (Cu,Ni),Sns IMC grew in the direction of
the solder. A relatively thick (Cu,Ni)¢Sns IMC layer formed
in the pure Pd joint during aging. On the other hand, in the
case of the Pd(P) joint, the rough and uneven-shaped top
and bottom layers of (Cu,Ni),Sns IMC gradually increased
with aging time.

High-speed shear test results revealed that the shear
strength of the Pd(P) joint was lower than that of the pure
Pd joint until an aging time of 100 h. However, the shear
strengths of the Pd(P) and pure Pd joints overlapped between
100 and 250 h of aging. The low-speed shear strength of the
Pd(P) joint was higher than that of the pure Pd joint for the
whole aging time. In addition, the brittle fracture rate of the
Pd(P) joint remained low (~40%) after a long aging duration
(1000 h). Therefore, P in the Pd layer of the thin ENEPIG
surface finish improved the interfacial microstructures and
mechanical properties of the SAC305 solder joints after a
long aging treatment.
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