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Abstract

The study investigated the effect of tensile and compressive strain on the interfacial reaction of SAC305/Cu system. Experi-
mental results indicated that the thickness of CugSns layer on non-strained samples slightly decreased after aging for 120 h
and increased with prolonged aging time. The applied tensile strain had an enhanced effect on the growth of Cu,Sns phase,
while the applied compressive strain inhibited the growth of CugSns phase. However, the thickness of Cu;Sn layer at SAC305/
Cu solder joints increased gradually with increasing aging time, regardless of whether strain was or not applied on the solder
joints. Besides, the mean diameter of CuySns grain increased in three systems as the aging time was prolonged to 480 h.
The morphology of CusSns grain on non-strained samples gradually changed from round-shape into polyhedron-shape
with increased aging time. The morphology of CusSns grain under tensile or compressive strain was polyhedron-shape.
The Kirkendall voids appeared within Cu;Sn layer in three systems after aging for 120 h and the amount of voids increased
gradually with prolonged aging time. The applied tensile or compressive strain had an enhanced effect on the formation of
voids within Cu;Sn layer and the enhanced effect of applied tensile strain was much remarkable than that of other systems.

1 Introduction

Flexible microelectronics has attracted much attention dur-
ing the past years because of many advantages such as flex-
ibility, light weight, small package volume, and so forth [1].
Flexible printed circuit board (FPCB), which is generally
composed of a plastic substrate (polyimide etc.) coated with
a conductive trace metal (Cu), is an important component in
microelectronic packaging industry. Flexible PCB is gener-
ally bonded with Si chip by interconnecting solders with the
usage of common reflowing technology and the solders as
joining materials are widely used in microelectronics and
electrical field. During reflowing, the solder melts and wets
the Si chip and PCB sides. Simultaneously, an interfacial

< Xiaowu Hu
huxiaowu@ncu.edu.cn

Key Lab for Robot & Welding Automation of Jiangxi
Province, Mechanical & Electrical Engineering
School, Nanchang University, Nanchang 330031,
People’s Republic of China

State Key Laboratory of Advanced Processing and Recycling
of Nonferrous Metals, Lanzhou University of Technology,
Lanzhou 730050, People’s Republic of China

@ Springer

reaction accompanying the formation of intermetallic com-
pounds (IMCs) usually occurs at the solder/substrate inter-
face [2, 3]. The thickness of IMCs layer gradually increases
with increasing aging time and improving aging temperature
[4]. It is well known that the thick IMCs layer could tend to
initiate micro-cracks, leading to the reduction of mechanical
properties [5], even the failure of solder joints. Therefore,
it is essential to understand the interfacial reactions and the
growth of IMCs of solder joint.

The eutectic Sn—Pb alloy was effectively replaced by
eutectic Sn—Ag—Cu (SAC) alloy in soldering process due
to the harm to environment and health resulted from heavy
metal Pb and Pb-containing solders. In all of the SAC sol-
ders, the Sn—3.0 wt%Ag-0.5 wt%Cu (SAC305) solder had
some favourable advantages of good wettability, mechani-
cal properties and low melting point, which was consid-
ered as the most outstanding candidate to replace conven-
tional Pb-containing solders [6—8]. A number of studies
had been performed on SAC305 solder [9, 10]. Burke and
Punch [9] had investigated the creep behaviour of join-scale
SAC105 and SAC305 solder samples under shear condi-
tions. SAC305 solder was superior for applications which
featured thermo-mechanical fatigue because it accumulated
less strain than SAC105 solder. Cheng et al. [10] discussed
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the tensile properties of low Ag lead-free solder alloys. As
reported that SAC305 solder possessed higher strength and
lower elongation ration than SAC0307 and SAC105 solder
alloys. Besides, many researchers had studied the interfa-
cial reaction and shear strength of SAC305/Cu solder joint.
The study of Hu et al. [11] indicated that the shear strength
of SAC305/Cu solder joints increased with increased strain
rate, while the thickness of IMC layer decreased. Bashir and
Haseeb [12] discussed the effects of Ni nanopatricles doped
flux on the mechanical properties and electrical resistance
of SAC305 solder joints subjected to electromigration. As
reported that the mechanical properties and electrical per-
formance of SAC305/Cu improved after the addition of Ni
nanopatricles.

Flexible PCB was usually used to reduce the packaging
volume, which made the solder joints serve in strain state.
Lin et al. [13] studied the interfacial reaction of Sn/Ag/Cu
tri-layer on a deformed polyimide substrate. As found that
applied strain (0.34%) resulted in different growth morphol-
ogies of CugSns IMC. The blocky Cu,Sns formed at the Sn/
Ag;Sn interface subjected to compressive strain but rarely
appeared at that subjected to tensile strain. Additionally, Lin
et al. [14] also investigated the effect of larger strain (2.5%)
on the Sn/Ag/Cu interface. They found that the growth rate
of the CugSns phase formed on the flexible PCB subjected
to applied strain was enhanced regardless of the strain type,
while the enhanced effect from compressive strain was more
significant. Besides, Liao et al. [15] investigated the strain
effect on the Sn/Ni interfacial reaction. They designed a
three-point bending apparatus to bend the Sn/Ni bi-layer on
a Si chip. The results revealed that both tensile and compres-
sive strains (0.069%) improved the growth rate of the Ni;Sn,
phase. Chen and Chen [16] found that the tensile stress could
significantly mitigate the growth of Sn whisker and hillock
on the Sn thin film.

Fig.1 Schematic drawing of
the SAC305/Cu/PI subjected
to applied strains (Color figure
online)

SAC305/Cu solder
joint on PI

Even though numerous research had been made to study
the interfacial reactions of solder joints under compressive
or tensile strain, less attention has been paid to on the influ-
ence of different strain values to SAC305/Cu solder joints.
Therefore, the study focused on the interfacial reaction and
IMC growth between SAC305 solder and FPCB pad with a
35 um Cu layer under various compressive or tensile strain
values.

2 Experimental produces

A commercial FPCB (Shenzhen V-Layers, China), a 25 um
thick polyimide (PI) pad coated with a 35 pm thick Cu layer,
was used as the substrate. The SAC305 solder foil with
90 um in thickness was placed on the Cu layer using rosin
mildly activated flux. Figure 1 shows the schematic drawing
of SAC305/Cu/PI system subjected to applied strains. The
SAC305/Cu solder joints on PI were prepared through the
reflowing process in a reflow oven, in which the specimens
were reflowed at 250 °C for 10 min. The strained experi-
ments were performed by sticking the specimens tightly on
the ceramic rod, as shown in Fig. 1. If SAC305 solder side
was stuck tightly on the ceramic rod, the SAC305/Cu solder
joint between PI board and the neutral plane was subjected
to tensile strain, as shown in Fig. 1(A). On the contrary,
if the PI board side was stuck tightly on the ceramic rod,
the SAC305/Cu solder joint between PI board and the neu-
tral plane was subjected to compressive strain, as shown in
Fig. 1(B). The diameter of ceramic rod was 5 mm, 10 mm,
15 mm and 20 mm. According to literature [15], the applied
strain value was calculated by the thickness of experiment
samples and the radius of curvature. In the experiment, the
radius of curvature was the radius of the ceramic rod. The
applied strain value could be obtained using Eq. (1):

Diameter
A@) . '\.
\. 10 mm
subjected to strains g. 15 mm
05 Compression
20 mm
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where r was the radius of ceramic rod, ¢, and 1, was the thick-
ness of the FPCB pad and SAC305 solder foil, respectively.
Taking the known parameters (#,=60 pm and 7,=90 um)
into Eq. (1). The strain near the neutral plane was regarded
as the applied strain of SAC305/Cu solder joints, hence the
applied strain was calculated to be 1.5%, 0.75%, 0.5% and
0.375%, respectively. The solid-state aging was conducted
by placing the strained FPCB stuck on the ceramic rod in an
oven at 150 °C for 24-480 h. Another set of FPCBs without
any applied strain was aged as a reference.

After solid-state aging, the partial specimens were treated
metallographically. This partial specimens were mounted in
epoxy resin, following by grounding with SiC paper and pol-
ishing with the 2.5 ym and 0.5 pm diamond paste in the direc-
tion perpendicular to SAC305/Cu interface. In order to observe
the top view of IMC, the other partial specimens were etched
in a solution of 10% HNO;+90% CH,;OH for 1 min to dissolve
the remaining solder. The interfacial structures of samples
and morphologies of interfacial IMC grains were observed by
scanning electron microscopy (SEM). An X-ray microanalysis
using energy dispersive spectroscopy (EDS) allowed the SEM
to qualitatively analyze the elements present in a selected area
of backscattered electron image. The average thickness of the
IMCs was determined by dividing the cross-sectional area of
the IMCs by the linear length of the interface [17].

3 Results and discussion

Figure 2 shows the interfacial cross-section SEM micro-
graphs of SAC305/Cu solder joints before aging. It could
be seen that the scallop-type CuySns layer existed at the
SAC305/Cu interface. The Cu;Sn layer did not be found
at the SAC305/Cu interface. In addition, the thickness of
Cu¢Sn; layer was 2.67 um.

Figure 3 shows the interfacial cross-section SEM micro-
graphs of SAC305/Cu solder joints after aging at 150 °C for
24-480 h. The samples in Fig. 3al-a5 were not subjected
to any strain. The samples in Fig. 3b1—c5 were subjected to
tensile strain. The applied strain values in Fig. 3b1-b5 and
cl-c5 were 0.375 and 0.5%, respectively. Figure 3d1—e5 was
this samples subjected to compressive strain. The applied
strain values in Fig. 3d1-d5 and el-e5 were 0.75 and 1.5%,
respectively. According to the element analysis results in
Fig. 4, the phase adjacent to the Cu side was identified to
be Cu;Sn, the phase next to the SAC305 solder side was
Cu4Sns, the embedded phase in the CugSny layer was Ag;Sn.
This indicated that the applied strain, regardless of whether
the strain state was compressive or tensile, did not alter
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Fig.2 Cross-sectional SEM micrographs of SAC305/Cu interface on
FPCB after reflowing at 250 °C for 10 min

the type of IMCs formed at the SAC305/Cu interface. It
was consistent with the study of Li et al. [18], in which the
CugSns, Cu;Sn and Ag;Sn IMC formed at the SAC305/Cu
interface after aging for 250 h and the elemental mapping
analysis of SAC305/Cu interface without strain aged at
150 °C for 480 h was made to know the distribution of each
element, as shown in Fig. 5. It was clearly seen that the Sn
and Ag atoms were mainly concentrated in the solder matrix,
while the Cu atoms mainly were aggregated in the upper
layer of FPCB. With the interdiffusion of atoms, the reaction
of three atoms resulted in the formation of three types of
chemical substance, which were identified as CuySns, Cu;Sn
and Ag,Sn.

Figure 3al shows the interface of SAC305/Cu solder
joint without strain aging for 24 h. It was clearly found that
the scallop-type IMC layer, which was identified as the the
Cu4Sns phase by EDS, existed at the SAC305/Cu interface.
However, a new IMC layer was observed between CuySns
layer and Cu when the SAC305/Cu solder joint was sub-
jected to tensile or compressive strain with the same aging
time of 24 h. The EDS result revealed that the new IMC
layer was Cu,Sn layer. This illustrated the strain, both ten-
sile and compressive, could promote the formation of Cu;Sn
phase. Further increasing the aging time to 120 h, there were
two IMC:s layer (CugSns and Cu;Sn) existed at the SAC305/
Cu interface in three systems, as seen in Fig. 3a2—e2. It
indicated that the Cu;Sn phase also gradually formed at
the SAC305/Cu interface of non-strained sample with the
prolonged aging time. Tu [19] found that the CusSns IMC
formed firstly at the Sn-based solder/Cu interface, because
Cu,Sn; phase had lower activation energy compared to the
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Fig.3 Cross-sectional SEM micrographs of SAC305/Cu interface on FPCBs with different applied strains after isothermal aging at 150 °C for
24-480 h: al-a$5 without strain, b1—c5 tensile strain and a3—e5 compressive strain

Cu;Sn phase. Then the Cu;Sn IMC layer would form over
time by consuming the CuySns IMC layer. This was because
the Cu,Sns; IMC layer was thermodynamically unstable.
Another worthy noticed phenomenon observed in Fig. 3
was the formation of voids at the SAC305/Cu interface after
aging treatment, especially within the Cu;Sn layer. After
aging for 24 h, voids were not observed at the interface
regardless of whether strain was or not applied. The voids
gradually formed within the Cu;Sn layer as the aging time
was prolonged to 120 h. According to many studies [20-23],
these voids are identified as the Kirkendall voids. The for-
mation of voids are due to the difference of interdiffusion

coefficients between different atoms at the interface. Litera-
ture by Wang et al. [24] reported that the formation of voids
needed two steps. Firstly, the unbalance inter-diffusion of
Cu and Sn atoms resulted in lots of vacancies at the Cu;Sn
layer. Secondly, these vacancies would get together and
coalesce into voids. As seen in Fig. 3, the amount of voids
within Cu;Sn layer increased gradually with increased aging
time. Besides, it could be clearly seen that the applied tensile
strain had an enhanced effect on the formation of voids and
the phenomenon was more obvious with increased aging
time. This could be attributed to the thicker total IMC layer
under tensile strain condition. It was well known that the Sn
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Fig.4 EDS analysis of IMC
layer in Fig. 3, a spectrum

1 in Fig. 3al, b spectrum 2
in Fig. 3c4, ¢ spectrum 3 in
Fig. 3a4
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atom in the SAC305 solder was consumed to diffuse across
the IMC layer to react with Cu atom. The thicker IMC layer
had more significant effect of inhibition on the diffusion
of Sn atom, resulting in larger difference of interdiffusion
coefficients between Sn and Cu atoms. Additionally, the
amount of voids within Cu;Sn layer obviously increased
when the SAC305/Cu solder joints were subjected to com-
pressive strain. The reason of difference is explained by
the fact that the applied compressive strain enhances the
difference of interdiffusion coefficients between Sn and
Cu atoms. Generally, during reflowing and aging process,
the Sn atom diffused to the Cu side and reacted with the
Cu atom to form the CuzSng IMC. Song et al. [25] found
that the formation of CugSns IMC would produce volume
change (AV = Vi ¢ sus = 6Veu with s sy = +75.41cm? /mol),
which resulted in volume expansion at the Sn/Cu interface.

@ Springer
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The volume expansion would cause intrinsic compressive
stress at the interface. In order to release the intrinsic com-
pressive stress, the Cu atom diffused rapidly toward the Sn
side. In other word, the formation of CugSng IMC could
improved the diffusion rate of Cu atom from Cu layer to
SAC305 solder. In present study, the intrinsic compres-
sive stress still occurred at the SAC305/Cu interface during
reflowing and aging process, as seen in Fig. 6. As a result,
the applied external compressive strain on the FPCB pad
further enhanced the intrinsic compressive stress. As shown
in Fig. 6, the stronger compressive stress could act as a driv-
ing force for out-diffusion of Cu atom towards the SAC305
solder basing on the Le Chatellier’s theory [26]. Therefore,
the difference of interdiffusion coefficients between Sn and
Cu atoms was expanded by the compressive stress, resulting
in the increasing of voids.
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Figure 7 shows the total thickness of the IMCs formed on
the FPCBs with and without applied strain as a function of
aging time. It could be clearly seen that the total thickness of
IMCs layer gradually increased with prolonged aging time in

Sn Lal

50pm
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three systems. In Fig. 7a, the total IMCs layer on the tensile
strained FPCBs was thicker than that of the non-strained
FPCB, regardless of the strained value. It was consistent
with the study of Lin et al. [14], in which the grow rate of
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Fig.5 The SEM image and elemental mapping analysis of the SAC305/Cu interface without strain aged at 150 °C for 480 h
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Fig.6 Schematic drawing showing that the variation of internal com-
pressive stress subjected to different strain type. White arrows indi-
cate Cu dissolution through the interface; Red area indicate the range
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Fig. 7 Total thickness of IMCs formed at the SAC305/Cu interface on FPCBs with and without applied strain after aging at 150 °C for various
lengths of time: a tensile strain and without strain, b compressive strain and without strain
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IMC layer formed on the FPCB subjected to tensile strain
was enhanced. It was obviously seen that the total interfa-
cial IMCs layer of the FPCBs with tensile strain of 0.375%
was thicker than that of other strained value when the aging
time was up to 360 h. In Fig. 7b, the total IMCs layer on
the compressive strained FPCBs was thinner than that of
the non-strained FPCB. Meanwhile, when the compressive
strain value was 0.375%, the total thickness of IMC layer on
the tensile strained FPCB was the thinnest. Figure 8 shows
the growth trend of the total IMC layer at the SAC305/Cu
interface as the strain value increased from 0 to 1.5%. As
seen in Fig. 8a, the total IMC layer of non-strained samples
within the same aging time was thinner than that of other
tensile strained samples. In Fig. 8b, it could be clearly found
that the 0.375% compressive strained system had the thin-
nest IMC layer in all compressive strained systems. Accord-
ing to the Nabarro—Herring model [27], the vacancy con-
centration in a region subjected to compressive reduces to
below the equilibrium vacancy concentration. Therefore, the
model indicated that the applied compressive strain resulted
in lower vacancy concentration in the interfacial reaction
region, which weakened the atomic diffusion of Sn and
Cu atoms. In contrast, the applied tensile strain resulted in
higher vacancy concentration, enhancing the atom diffusion.
Hence, the growth rate of IMCs layer under tensile strained
condition was enhanced due to the existence of more vacan-
cies. The fewer vacancies within total IMC layer on the com-
pressive strained samples led to the reduction of growth rate
of IMC:s layer.

Figure 9 shows the thickness of individual CusSns and
Cu;Sn IMC layer, respectively, as a function of aging time.
The thickness of individual CugSns IMC layer under ten-
sile or compressive strain were shown in Fig. 9a, c, respec-
tively. It could be clearly seen that the applied tensile strain
had an enhanced effect on the growth rate of CusSns phase,

(a) Tensile Strain
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while the applied compressive strain inhibited the growth
of CugSnsg phase. The thickness of CugSns IMC layer on
FPCB pad without strain decreased slightly after aging for
120 h and increased constantly with prolonging aging time
to 480 h. When the FPCBs pad were subjected to tensile
strain, the thickness of CugSns IMC layer presented differ-
ent variation trend with different strain value. The variation
trend of CugSns IMC layer thickness was the same as that of
non-strained FPCB when the tensile strain value was 0.5 or
0.75%. However, when the strain value increased to 0.375
or 1.5%, the thickness of CugzSns IMC layer increased after
aging for 120 h and decreased slightly with prolonging aging
time to 240 h. The variation trend of CugSng IMC layer
thickness on FPCBs subjected to 0.75 or 1.5% compressive
strain was similar to that of non-strained FPCB. It is worthy
noticed that the thickness of CugSns IMC layer under 0.375%
compressive strain was not almost increased. The thickness
of individual Cu;Sn IMC layer under tensile or compressive
strain were shown in Fig. 9b, d, respectively. It could be
clearly seen that the Cu;Sn IMC layer increased gradually
with the increased aging time, regardless of the strain was
or not applied on FPCB. Hence, the growth of Cu;Sn phases
made a significant contribution to the increased thickness of
the total IMC layer. In particular, the increased thickness of
the total IMC layer was primarily provided by the growth of
Cu,Sn phase when the compressive strain value was 0.375%.
As it is well known that the formation and growth of
Cu;Sn phase were resulted from following reaction [28]:

CugSns + 9Cu — 5CusSn )

It could be deduced that the reduction of CugSng IMC
layer thickness during aging time might be attributed to the
rapidly increased thickness of Cu;Sn IMC layer. In other
word, the growth rate of Cu;Sn phase during this aging
time was faster than that of CuySns phase. Therefore, the
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Fig. 8 Relationships of total thickness of IMC layer at the SAC305/Cu interface with strain value: a tensile strain, b compressive strain
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Fig.9 The thickness of CusSns and Cu;Sn IMC layer at the SAC305/Cu solder joints on FPCBs with and without applied strain after aging at
150 °C for various lengths of time: a, b tensile strain and without strain, ¢, d compressive strain and without strain

Table 1 The mean diameter of CusSns IMC grains at the SAC305/Cu
solder joints subjected to tensile strain at 150 °C for different aging
time

Table 2 The mean diameter of CusSns IMC grains at the SAC305/Cu
solder joints subjected to compressive strain at 150 °C for different
aging time

Strain value The mean diameter of CugSng IMC grains/pum

Strain value The mean diameter of CugSn5 IMC grains/um

24 h 120 h 240 h 360 h 480 h 24 h 120 h 240 h 360 h 480 h
0 3.32 5.77 7.68 9.19 10.52 0 3.32 5.77 7.68 9.19 10.52
0.375 7.11 8.02 8.71 9.51 10.29 0.375 6.25 6.47 7.52 7.73 8.91
0.5 7.06 7.52 8.08 9.24 10.09 0.5 6.45 7.13 7.67 8.16 9.04
0.75 7.65 8.11 8.86 9.65 10.49 0.75 6.98 7.36 8.38 8.82 9.53
1.5 8.29 8.64 9.04 10 10.69 1.5 6.57 7.72 7.82 8.74 10.11

formation of Cu,;Sn phase after aging for 24 h was attributed
to the effect of compressive or tensile strain, improving the
rate of Cu atom diffusion towards the Cu,;Sn phase.

It is well known that the aging time plays an important
role in the growth of CugSns IMC grain. According to pre-
vious studies [17, 29-31], the CusSns IMC grain gradually
became large with increased aging time. Tables 1 and 2
show the mean diameter of CugSns IMC grains on FPCBs

subjected to tensile and compressive strain, respectively. It
could be seen that the mean diameter of CugSns IMC grains
at the SAC305/Cu solder joints without strain increased
obviously as the aging time was increased to 480 h, which
was in agreement with the result of corresponding cross-
sectional images (as shown in Fig. 3al-a5). Besides, when
the SAC305/Cu solder joints on FPCBs subjected to ten-
sile stress were aged for 24 h, the mean diameter of CugSn;
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IMC grains obviously increased. The result was consistent
with the thickness of CusSns IMC layer (Fig. 9a). Accord-
ing to Table 1, the CusSns IMC grains on tensile strained
FPCB pad gradually grew as the aging time was increased
to 480 h, but the grow rate was remarkably slower than that
of non-strained FPCB pad. Interestingly, the mean diam-
eter of CugSns IMC grains obviously increased when the
24 h-aged SAC305/Cu solder joints on FPCBs were sub-
jected to compressive strain, but the corresponding thick-
ness of CugSns IMC layer was thinner than that of non-
strained FPCB (Fig. 9c). Due to the specificity of CugSns
IMC layer thickness on the 0.375% strained FPCBs, the
morphology of CusSns grains was shown in Fig. 10. The
morphology of interfacial CuySns grains at the SAC305/Cu
solder joints without strain were round-shape after aging for
24 h (Fig. 10bl). For the aged solder joints, the morphol-
ogy of CugSns gradually changed from round-shape into
polyhedron-shape. However, the morphology of CugSn;
grains on the 0.375% tensile stained FPCB (Fig. 10al) were
polyhedron-shape after aging for 24 h. The morphology
of CugSn; grains did not obviously change and the grains
size increased slightly with prolonged aging time. It worthy
noticed that the morphology of CuySns grains on the 0.375%
compressive strained FPCB was slightly loose, as seen in

Fig. 10 The morphology of
SAC305/Cu interfacial CugSng
phase formed on different strain
state aged at 150 °C for 24, 240
and 480 h, al—a3 tensile strain
0.375; b1-b3 without strain and
cl—-¢3 compressive strain 0.375

@ Springer

Fig. 10c1 and c2. This might lead to the thinner CuySns IMC
layer, compared to that of non-strained FPCB. The growth
of CueSnj grains is because of two kinetic processes, one
is ripening and another is interfacial reactions [32]. The
ripening process of CugsSns grains is the result of reaction
between CugSns grains, in which the grains grow larger in
size and the number of CugSns grains reduces over time. As
shown in Fig. 10, the surfaces of the two adjacent grains
were coherent and the diffusional interaction between grains
became a larger grain. That resulted that some grains with
adjacent side surfaces would merge together, as indicated as
the marked blue circles in Fig. 10a2, b3 and c3. Additionally,
there were some white micro-particles, which were identi-
fied to be Ag;Sn phase formed in the solder bulk, existed on
the surface of CuySns grains.

4 Conclusions

The study has investigated the effect of different tensile or
compressive strain values on the interfacial reaction of
SAC305/Cu solder joints. Based on the experimental results
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and discussions above, the following conclusions can be
drawn:

(1)

2

3

“

The thickness of both total IMCs and Cu;Sn layer
in SAC305/Cu solder joints under non-strained con-
stantly increased with increased aging time. However,
the thickness of CugSns layer slightly decreased after
aging for 120 h and increased as the aging time was
prolonged to 480 h. It indicated that the growth rate of
Cu;Sn layer was faster than that of CugSns layer within
120 h aging time. Besides, the round-shape CuySns
grains were observed in non-strained system after aging
24 h. As the aging time was prolonged, the morphology
of CugSn; grains gradually changed from round-shape
into polyhedron-shape and the mean size of CuySns
grain obviously increased.

The applied tensile strain had an enhanced effect on the
growth rate of the CugSns and Cu;Sn phases formed at
the SAC305/Cu interface, regardless of strain value.
The variation trend of the Cu,Sns layer thickness was
the same as that of non-strained samples when the
tensile strain value was 1.0 or 1.5%. In addition, the
applied compressive strain inhibited the growth of
CueSns phase formed at the SAC305/Cu interface.
The thickness of CugSns IMC layer was not almost
increased with increased aging time when the compres-
sive strain value was 0.375%.

The mean size of CuySns grains under tensile or com-
pressive strain was larger than that of non-strained sam-
ple after aging 24 h and slightly increased with pro-
longed aging time. The morphology of CusSns grains
was not change with increasing aging time and still was
polyhedron-shape, regardless of strained type.

The Kirkendall voids appeared within Cu;Sn layer
after aging for 120 h and the amount of voids gradu-
ally increased with prolonged aging time, regardless of
whether strain was or not applied. The applied tensile
or compressive strain had an enhanced effect on the for-
mation of voids within Cu;Sn layer and the enhanced
effect of applied tensile strain was more remarkable
than that of other systems.
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