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Effects of In addition on microstructure and properties of SAC305 solder
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Abstract: In powders with different contents (0.5—10 wt.%) were melted into the Sn—3.0Ag—0.5Cu (SAC305) solder to
change the microstructure and thus improve the properties of the solder. The results showed that f-Sn(In), Ags(Sn,In)
and Cus(Sn,In)s phases existed in all the In-added solders, and an additional phase of InSns was found in the
SAC305—10In solder. With increasing In addition amount, the f-Sn nucleation sites were increased and the nucleation
model was changed from {101} to {301}, which refined the f-Sn grains and transformed the f-Sn morphology from
large grains to interlaced grains and finally to multiple grains. As a result, a combined effect of fine grain strengthening
and solid solution strengthening was achieved to increase the microhardness of the SAC305—xIn solders with

increasing In addition amount.
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1 Introduction

With rapid development of electronic
components, the development of soldering
techniques in microelectronic assembly and packaging
has put forward increasing requirements [1,2].
Sn—Ag—Cu (SAC) solder alloys are most widely
used so far because of their excellent mechanical
properties and wettability. Although the application
scenarios of SAC solder alloys are extremely
extensive, there are still some problems to be solved,
such as coarse f-Sn grains. Previous study reported
that only a few of f-Sn grains existed in
SAC305/Cu solder joints, while the size of f-Sn
grains in SAC305 ingots could be as large as
3000 um [3—6]. For electronic packaging, the
orientation of -Sn grains is not only closely related
to mechanical properties but also seriously affects
the thermophysical properties and electromigration
lifetime of solder joints. Therefore, it is necessary to
control the grain size of £-Sn to improve the overall
performance of solder joints.

A large body of methods have been explored to
refine the f-Sn grains in solders, i.e., ultrasonic
treatment [7-9], cooling rate control [10,11] and
dilute element addition [4,6,12,13]. Generally,
controlling process conditions have little effect on
the microstructure of solders and are difficult to
operate in a real reflow. However, the method of
element addition can improve the microstructure of
solder alloys, so some alloying elements have been
added to solder materials, such as Ni [14—17],
Sb [18], Co [4], Zn [19,20], Bi [21], and rare-earth
elements [22]. SEO et al [23] revealed that minor
alloying addition of Ni or Zn to Sn—Ag solder led to
the microstructure coarsening drastically and the
undercooling decreasing. HAN et al [24] reported
that the grain size of SAC solder alloys with
Ag—GNSs addition was lower than that of SAC and
the mechanical properties of SAC solder alloys with
0.2Ag—GNSs particles were greatly improved.

Recently, In has been drawn attention as an
alloying element to improve the performance of
lead-free solders. CHEN et al [25] reported that
with In addition the elongation and tensile strength
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of Sn—58Bi increased slightly. TIAN et al [26]
reported that doping In into Sn—0.7Cu solder could
improve not only the maximum bending properties
of solder joints but also the aging performance.
TIAN et al [27] found that the UTS of
Sn—0.7Cu—xIn alloys increased obviously but
meanwhile the elongation decreased significantly.
Moreover, when the In content increased to
1.0 wt.%, coarse Cue(Sn,In)s IMC were formed in
the solder alloy. Despite the fact that some studies
have been conducted on solder alloys with In
addition, few studies have focused on the effect of
In addition on f-Sn grain size of solder alloys.

In this study, the effects of In addition on the
thermodynamic characteristics, microstructures and
mechanical properties of SAC305 solder were
investigated. To characterize f-Sn grain size more
accurately, SAC305—xIn solder sheets were used
because of their larger size than solder joints.

2 Experimental

The SAC305—xIn (x=0, 0.5, 1, 2, 5, 10 wt.%)
solders were prepared by using SAC305 solder
paste and In powders. The SAC305 solder paste
mainly consisted of 88.5wt.% SAC305 alloy
powders and 11.5 wt.% flux and was made by
Alpha Technologies. The In powders were made by
Xiangtian Nano Co., Ltd. The SAC305 solder paste
and the In powders were mixed together according
to the designed composition ratios by mechanical
stirring to form SAC305—xIn composite solder
paste. Then, the SAC305—xIn composite paste (3 g)
were printed between two ceramic plates and
reflowed using a hot plate at 250 °C with a duration
of 2 min. Hereafter, the samples were cooled down
with the hot plate under a cooling rate of about
6 °C/min until solidification. Finally, SAC305—xIn
solder sheets were obtained and cleaned with
alcohol.

For thermal behavior analysis, samples of
about 1 mg were taken from each kind of the solder
sheets. Then, the samples were measured by a
differential scanning calorimeter (DSC, Mettler-
Toledo 822) in argon atmosphere. The samples
were firstly heated up at a rate of 5 K/min to the
peak temperature of 250 °C, held for 30 s and then
cooled down at 5 K/min. For phase analysis, the
solder sheets were examined by using X-ray
diffraction (XRD, Empyrean). For microstructure

and phase composition characterization, some of
the solder sheets were mounted in resign following
by grinding and polishing. Hereafter, the polished
solder sheets were etched by using a solution of
92% CH3OH + 5% HNOs + 3% HCI (vol.%) for
2 min. And then, the microstructure including S-Sn
grain feature and phase composition of all the
solders were examined by a scanning electron
microscope (SEM, Zeiss SUPRASS) equipped with
an electron backscattered diffraction (EBSD,
NordlysMax2) and an electron probe micro
analyzer (EPMA, JEOL JXA8500F). In addition,
Vickers hardness (HV) test was applied to the
polished solder sheets under a load of 50 g and a
duration of 15 s for mechanical property analysis.

3 Results

3.1 Thermodynamic property of SAC305—xIn
solders
Figure I shows the DSC curves of the

SAC305—xIn solders. In order to simplify the DSC
curves, only the fragments of the endothermic and
exothermic peaks were chosen, which is different
from the traditional DSC curves. Moreover, the
melting range and undercooling of these solders
were calculated, as listed in Table 1. The melting
range obtained from each DSC curve was defined
as the temperature difference between the onset
melting temperature (7onser-) and the endset melting
temperature (7Tendgsen) during the heating process.
The melting range of a solder alloy is closely
related to oxide slag defects during solidification
and will seriously affect the reliability of solder
joints. In addition, the undercooling, AT, was
defined as the temperature difference between the
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Fig. 1 DSC curves of SAC305—xIn solders



Xiao-lei REN, et al/Trans. Nonferrous Met. Soc. China 33(2023) 34273438 3429

Table 1 Thermodynamic properties of SAC305—xIn
solders

T onset-H/ T endset-H/ T onset-C/ Meltlng AT/

Solder °C °C °C  range/°C °C

SAC305  216.87 223.55 187.81 6.68 29.06
SAC305-0.5In 216.16 222.82 184.78 6.66 31.38
SAC305-1In 214.91 221.74 185.04 6.83 29.87
SAC305-2In 211.45 219.99 179.45 8.54 32.00
SAC305-5In 206.38 215.26 173.31  8.88 33.07
SAC305-10In 195.71 208.42 164.20 12.71 31.51

Tonsetn during heating and the onset solidification
temperature (7onset-c) during cooling. Generally, AT
is closely related to the nucleation and growth rate
of grains and will directly affect the microstructure
of the solidified alloy.

During heating as shown in Fig. 1, with the
increase of In content, the melting point, i.e., Tonset-H,
of SAC305—xIn solders was gradually decreased
and the decreasing trend remained virtually
unchanged; while the melting range showed an
increasing trend with the increase of In addition,
especially at and after 2 wt.% In. Combining with
the data in Table 1, when the In addition was less
than 2 wt.%, the melting range was basically
fluctuated around 6.7 °C; when the In addition
increased from 2 to 5 wt.%, the melting range
increased slowly to 8.88 °C with an increment of
only 2.2°C compared to the SAC305 solder;
however, when the In addition was larger than
5 wt.%, the melting range increased significantly to
12.71 °C. Although the melting range is closely
related to the melting point, the change of the
melting point was not consistent with the change of
melting range for SAC305—xIn solders. Moreover,
the undercooling, A7, was slightly increased by In
addition with a maximum increment of about 4 °C,
which could have effect on the nucleation rate of
the solders to some extent.

3.2 Phase composition and element distribution

of SAC305—xIn solders

Figure 2 shows the XRD patterns of the
SAC305—xIn solders. It can be found that the peaks
of the f-Sn, Agi:Sn and CusSns phases were
detected on all the XRD patterns. Besides, with the
In addition of 5 wt.%, a small peak of Ag,In phase
appeared on the XRD pattern. As the addition of In
reached 10 wt.%, the peaks of both Ag,In and InSny
phases were found on the XRD patterns, but it

seemed that the peak intensity of AgzSn and CusSn
was much lower than that for other SAC305—xIn
(x=0, 1, 2, 5 wt.%) solders. This indicates that when
the In content increased to 10 wt.%, In atoms
mainly formed Ag,In and InSns IMCs besides
dissolving into the Sn matrix. In addition, it is
deduced that when the In content was less than or
equaled to 2 wt.%, In atoms should be dissolved in
the p-Sn, Agi3Sn and CueSns phases without
changing their crystal structure. f-Sn, AgsSn and
CueSns are common phases in the Sn—Ag—Cu
phase diagram, as shown in Fig. S1 (Supplementary
Information, SI). According to the phase
distribution in the Sn—Ag—In phase diagram shown
in Fig. S2 (see SI), it can be found that Ag,In and
InSns would form with the increase of In content.
Combined with the XRD results, the evolution of
phases in the solders basically agreed well with the
phase diagrams.
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Fig. 2 XRD patterns of SAC305—xIn solders

Figure 3 shows the backscattered electron
(BSE) images of the SAC305—xIn solders. The
corresponding composition analysis results of the
precipitated phases at different positions and the
solder matrix at different regions in Fig. 3 are listed
in Tables 2 and 3, respectively. According to
Fig. 3(a), the SAC305 solder showed a typical
microstructure consisting of the f-Sn (grey regions)
primary phase and the light and dark precipitated
phases. From the composition results at Positions 1
and 2, it can be known that the light and dark
precipitated phases were AgiSn and CueSns,
respectively. The XRD pattern analysis shows that
the above three phases were also presented in the
SAC305—xIn solders. Combining the composition
analysis data in Tables 2 and 3, the content of In in
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Fig. 3 BSE images of SAC305—xIn solders: (a) x=0; (b) x=0.5; (c) x=1; (d) x=2; (e) x=5; (f) x=10

Table 2 Element contents of precipitated phases at
different positions in Fig. 3 (at.%)

Position Sn Ag Cu In
1 36.7 62.9 0.4 -
2 514 0.5 48.1 -
3 40 58.1 1.9 -
4 46.8 0.9 52.3 -
5 34.5 65 0.5 -
6 49 0.4 50.6 -
7 29.7 62.9 0.3 7
8 44.9 0.5 53.5 1.1
9 28.4 68.8 0.2 24
10 43.4 0.4 53.9 6.7
11 6.4 75 0.3 18.3
12 13.5 77 0.5 9
13 40 0.4 53.9 6.7
14 32 63.5 0.1 222

Table 3 Element contents of solder matrix at different
regions in Fig. 3 (at.%)

Region Sn Ag Cu In
A 99.9 0.1 - -
B 99.8 - 0.2 -
C 99.7 0.1 0.2 -
D 98.7 1.2 - -
E 99.1 0.3 0.2 0.4
F 97.3 - - 2.5

Al

the Agi(Sn,In), Cus(Sn,In)s and p-Sn generally
increased with the increase of In addition, since In
mainly existed as solid solution atoms in these
phases before the formation of AgyIn and InSns
IMCs. However, the increase of In content in the
Ag3(Sn,In) was significantly faster than those in
Cue(Sn,In)s and f-Sn, indicating that In was more
stable in Ags(Sn,In) than in the other two phases.
Moreover, combining the composition analysis data
at the Positions 11 and 14 and the XRD data, the
grey bulk precipitated phase that contained more In
than the grey fine Ags(Sn,In) particles should be
Agx(In,Sn) phase. This was further confirmed in
Figs. S3 and S4 (see SI).

It should be noted that the InSns phase was not
observed in the BSE images in Fig. 3, which is
inconsistent with the XRD results. In addition, more
evidence should be presented to prove that In was
dissolved in the Agi;Sn and CueSns phases.
Therefore, additional testing method is required to
examine the distribution of these phases. Figure 4
shows the microstructure and element mappings of
the SAC305—xIn solders. As shown in Figs. 4(b)
and (g), the crystal structure of the AgszSn and
CueSns phases were determined by EBSD analysis
and In element was detected in both phases. In
addition, the In brightness at the Ags(Sn,In),
Cus(Sn,In)s and p-Sn positions in Fig. 4(g)
gradually increased with the increase of In addition.
Therefore, it can be concluded that the AgzSn and
CueSns phases were gradually transformed into
Ag3(Sn,In) and Cue(Sn,In)s due to the dissolution of
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In. When the In addition was as low as 0.5 wt.%, In
element uniformly distributed in the f-Sn matrix.
According to the element distribution of Ag, Cu and
In, it is obvious that the In element trended to
aggregate at where the Ag element distributed with
the In addition being or being higher than 1 wt.%.
This further verified that In was more stable in the
Ag3(Sn,In) than in the Cus(Sn,In)s and S-Sn. When
the In addition increased to 10 wt.%, the regions of
In aggregation were detected as circled by the white
dashed line in Fig. 4(gs), which was consistent with
the position of InSns in Fig. 4(bs). Thus, InSn4
phase formed in the SAC305—-10In solder.

12 um

Fig. 4 Microstructures and elem
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Furthermore, no InSny phase was detected when the
In content was below 10 wt.%, which was
consistent with the XRD results.

3.3 Effect of In addition on phase morphology of
SAC305—xIn solders

Figure 5 shows the BSE images and the
corrosion morphologies of the SAC305—xIn solders.
According to the BSE images, the CusSns and
Cue(Sn,In)s phases in the form of dots or short rods
were randomly distributed in the SAC305—xIn
solders and did not vary with the increasing In
content. However, the £-Sn and Ags(Sn,In) phases

ent mappings of SAC305—xIn solders: (a) BSE maps; (b) Phase distribution maps;

(c) IPF-X maps; (d—g) Sn, Ag, Cu and In element distribution maps, respectively
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Fig. 5 BSE images and corrosion morphologies of SAC305—xIn solders: (a) x=0; (b) x=0.5; (c) x=1; (d) x=2; (e) x=5;

) x=10
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showed different morphologies in different solders.
When a small amount of In was added, f-Sn was
relatively flat which was similar to the SA305
solder. As the In addition increased, f-Sn was
severely deformed, which may be because of the
strong deformation caused by the solid solution of
In into S-Sn. However, only a little information
could be captured from the BSE images, so this will
be discussed in detail with EBSD characterization
later.

The morphology change of Agi:Sn and
Ags(Sn,In) phases could be clearly observed from
the corrosion morphology at the lower left corner of
each BSE image. As shown in Figs. 5(a, b), it can
be found that the AgzSn in the SAC305 solder and
the Ags(Sn,In) in the SAC305—0.5In solder were all
needle-like and smaller than 1 um in width. As
shown in Figs. 5(c—f), though the morphology of
Ag3(Sn,In) phase was still needle-like, it gradually
coarsened with increasing In content, which is
similar to the previous study [28]. It has been
reported that AgsSn is precipitated in eutectic form
in the SAC305 solder and the short growth time
leads to the fine needle-like morphology [29].
However, with the increase of In content, Ags(Sn,In)
had a longer time to grow due to the larger
undercooling, which led to the coarsening of the
Ag3(Sn,In) phase.

3.4 Effect of In addition on #-Sn grain feature of
SAC305—xIn solders
Figure 6 shows the IPF-X orientation maps
and the corresponding {001} pole figures of the

SAC305—xIn solders. It can be seen from Fig. 6(a)
that there were only two £-Sn grains in the SAC305
solder, i.e., the green one and the striped pink one.
With a small amount of In addition of 0.5 wt.%, a
strong preferred orientation was observed,
indicating that the SAC305—0.5In solder nearly
consisted of single oriented grain with some
sub-boundaries inside. As the In addition increased,
the number of f-Sn grains increased gradually.
When the In addition increased to 5 wt.%, the
resultant -Sn grains were much more than those in
the SAC305-1In and SAC305-2In solders.
Nevertheless, as shown in Fig. 6(e), only five
intensive points were presented, indicating that
there was still a few f-Sn grains. As the In addition
reached 10 wt.%, the morphology of f-Sn
transformed into multiple grains with an average
grain size less than 5 um. Although multiple grains
presented in the SAC305—10In solder, the {001}
pole figure in Fig. 6(f) indicates that the f-Sn grains
still had preferred orientation.

Figure 7 shows the grain boundary angle
misorientation mappings of the SAC305—xIn
solders shown in Fig. 6. It can be seen that the
mappings contained three kinds of colored lines, i.e.,
red, green and black, which presented the grain
boundary angles less than 15°, in the range of
57°-63° and more than 63°, respectively. It was
previously reported that the twin boundary angles in
Sn-based solder alloys were always 57.2° or 62.8°,
respectively [30]. Thus, the red, green and black
lines actually presented low-angle, twin and
large-angle boundaries, respectively. By matching

RIS~
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Fig. 6 IPF-X orientation maps and corresponding {001} pole figures of SAC305—xIn solders: (a) x=0; (b) x=0.5;

(©) x=1; (d) x=2; (€) x=5; (f) x=10
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Figs. 6 and 7, it was found that there were almost
the low-angle and twin boundaries in the SAC305
and SAC305-0.5In solders. Therefore, it could be
concluded that the grains in Figs. 6(a, b) formed
from only one nucleation site. As the In addition
increased, it was found that the low-angle and twin
boundaries decreased, while the large-angle
boundary increased, indicating that In played an
important role in refining f-Sn grains. It is worth
noting that although In had a significant effect on
the refinement of the solders, but twinned grains in
the high In content solder also existed, i.e,
SAC305—10In. Therefore, the growth pattern of the
S-Sn grains in the SAC305—xIn solders needs to be
further discussed.

3.5 Microhardness of SAC305—xIn solders

Figure 8 shows the microhardness of the
SAC305—xIn solders. On the whole, the
microhardness increased gradually with increasing
In addition. According to the previous study that In
could dissolve into S-Sn to produce solid solution
strengthening [27], the In-bearing solders should be
harder than the SAC305 solder. In addition, it was
found in Section 3.4 that the addition of In could
refine the -Sn grains. The relationship between the
microhardness (H,) and the grain size (d) can be
established in relation with the derived Hall-Petch
formula [31]:

20

15

\

Vickers hardness (HV)
=)

x=0 x=0.5 x=1 x=2 x=5 x=10

Fig. 8 Variation of microhardness with In content of
SAC305—xIn solders

H,=H, +K,d"? 6]

where H, is the hardness of the single crystals, and
Ky is a material constant.

According to Eq. (1), it can be concluded that
the refinement of f-Sn grain by In addition also
played an important role in the increase of
microhardness. When a small amount of In
(<1 wt.%) was added, the microhardness increased
slightly. This indicated that adding a small amount
of In had little effect on the mechanical property
of the SAC305 solder. When the In addition was
larger than 1 wt.%, the microhardness increased
significantly and presented a linearly increasing
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trend up to 10 wt.%. As previously mentioned, In
mainly existed in the form of Ags(Sn,In), so its
effect on the microstructure and mechanical
property of the solders was limited. As the In
addition further increased, In could not only
dissolve into the f-Sn grains to generate solid
solution strengthening but also refine the A-Sn
grains to generate fine grain strengthening. As a
result, the microhardness of the solders increased
significantly.

4 Discussion

4.1 Effect of In addition on f-Sn growth pattern

of SAC305—xIn solders

According to the above results, f-Sn grain size
was closely related to the In content in the solders
and the number of f-Sn grains can significantly
affect the properties of solder joints. In order to
further improve the microstructure of the solders, it
is necessary to explore the mechanism of the
effect of In addition on #-Sn grain size. LEHMAN
et al [30] reported that two morphologies of 5-Sn
grains with twin orientation were observed in
SAC305 solder, i.e., beach ball morphology and
interlaced grain morphology, which were nucleated
and grew with the {101} and {301} nucleus models,
respectively. Accordingly, the {101} and {301}
nucleation models were exhibited in Figs. 9(a—d)
and Figs. 9(e, f), respectively. The {101} nucleus
model is a hexagonal-bipyramidal dodecahedron
and the surfaces are all (110) planes (triangular

shape). When the solder was nucleated with the
{101} nucleus model and the f-Sn dendrites grow
along the [110] direction, beach ball morphology
will be formed. The surface of the {301} nucleus
model also contains many (110) planes, but its
shape is much different from the {101} nucleus
model. When the f-Sn dendrites of solders were
nucleated with {301} nucleus model and grow
along the [110] direction, interlaced grain
morphology will be formed.

It is worth noting that the beach ball
morphology contained three large f-Sn twin grains
that were much larger than those with the
interlaced grain morphology. As previous study
reported that the growth rate of Sn dendrites could
reach ~40 cm/s in Sn-based solder alloys [32]. Thus,
if the solder alloy solidified with the {101}
nucleation model, large twinned f-Sn grains would
form quickly, because [-Sn dendrites could grow
rapidly before the other nucleation sites form
around in the molten solder. Therefore, combined
the f-Sn grain feature shown in Fig. 6, it can be
concluded that the SAC305—xIn (x=0, 0.5, 1,
2 wt.%) and SAC305—xIn (x=5, 10 wt.%) solders
nucleated and grew following the {101} and {301}
nucleus models, respectively.

According to the findings of f-Sn grains and
the nucleation site of the SAC305 and SAC305—
0.5In solders in Section 3.4, it can be deduced that
the f-Sn grains were nucleated and grew based
only one {101} nucleation model, as illustrated in
Figs. 9(a, b). Figure 10 shows the partially zoom

Fig. 9 Relationship between nucleation model and microstructure of SAC305—xIn solders: (a) x=0; (b) x=0.5; (c) x=1;

(d) x=2; (e) x=5; (f) x=10
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Fig. 10 Partially zoom view of IPF-X maps (a—d) corresponding Figs. 6(c—f), respectively

view of the f-Sn grains inside the white dashed
boxes in Fig. 6, where the black lines represent twin
grain boundary. As shown in Fig. 10(a), the six unit
cells presented the different orientations, where unit
cells 1, 2 and 3 and cells 4, 5 and 6 had a twin
orientation relationship, respectively. However,
there was no orientation relationship between these
two groups of the unit cells. Thus, it can be
concluded that two {101} nucleation models
existed in this region, as illustrated in Fig. 9(c).
Similar phenomena were also detected in the
SAC305—21In solder as shown in Fig. 10(b).

With the In addition increasing to 5 wt.%, the
morphology of the f-Sn grains changed from large
grain to interlaced grain, but still exhibited a strong
twinning relationship as shown in Fig. 10(c). The
orientations of the twinned unit cells 1, 2 and 3
were completely different from those of the twinned
unit cells 4, 5 and 6 on the other side of the large
angle grain boundary. Combining the pf-Sn
morphology and grain boundary of the SAC305—
5In solder, there must be several {301} nucleation
models in this region, as illustrated in Fig. 9(e). As
the In addition increased to 10 wt.%, multiple S-Sn

grain morphologies were presented, but a large
number of the f-Sn grains remained the twinning
relationship. As shown in Fig. 10(d), four groups of
the f-Sn unit cells with twinning relationship were
displayed. These four groups had no orientation
relationship with each other, suggesting that
multiple twin nucleation models existed in the
SAC305—10In solder, as illustrated in Fig. 9(f).
When the amount of In increased, the lattice of the
[-Sn cell was distorted [33], and thus the growth
rate of -Sn dendrites may be decreased, leading to
an increase in nucleation site. Therefore, the
morphology of the SAC305—10In solder presented as
multiple grains mixed with twin grains.

4.2 Orientation relationship between f-Sn and

InSns compound

Figure 11 shows the orientation relationship
(OR) between the f-Sn and InSns phases in the
SAC305—10In solder. According to the pole figures
of the two positions in the SAC305—10In solder, the
preference in the {100}ss, pole figure consisted
with that in the {001}mnss, pole figure. Therefore,
it can be concluded that the OR between £-Sn and
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Fig. 11 Orientation relationship between S-Sn and InSns4 phases in SAC305—10In solder: (a) Phase distribution maps;

(b) IPF orientation maps; (c) Lattice matching relationship

InSns could be exhibited as follows: {100} p.sn//
{001}msn, and [001]p-s0//[010]msn,. The fixed
common direction [001]4.s0//[010]mmsn, but variable
common plane can be understood by examining the
S-Sn and InSns atomic lattice match in Fig. 11(c).
When the (010)s.sn plane meets the (100)msn, plane
with the [001]s.s. direction parallel to the [010]msn,
direction, the (100)ss, and (001)msy, planes exhibit
a small d-spacing mismatch (<15%).

According to the {100} pole figure of S-Sn
and {001} pole figure of InSns in Fig. 6(f), the
strong preference in the {100}ss, pole figure
consisted with that in the {001 }sns pole figure. As
previous study reported, InSns solidified
preferentially over f-Sn in Sn—xAg—xIn solder [34].
Combining the orientation relationship between
p-Sn and InSns, it can be deduced that the
preferential orientation of the f-Sn grains in the
SAC305—10In solder was caused by the influence
of the InSn4phase. During the cooling process, the
surface of the solders would cool down first, and
the a temperature gradient (parallel to ND) could be
developed from inside the solder towards the
surface. As previous studies reported that
temperature gradient was closely related to the
orientation of solidified phases [35—37], so the
preferred orientation of InSns could be caused by
the temperature gradient. The mechanism for
producing such preferred grains could be similar to
that in directional solidification. A comprehensive
experiment to verify this preliminary assumption is
in progress.

5 Conclusions

(1) The melting point, Tonser-tr, of the SAC305—
xIn solders decreased gradually with increasing In
addition. The nucleation undercooling, AT, was
slightly increased within 4 °C by all In additions.

(2) With the In addition into the SAC305
solder, the f-Sn, Ag;Sn and CusSns transformed to
F-Sn(In), Agsz(Sn,In) and Cus(Sn,In)s, respectively.
Moreover, a new phase of Ag>(In,Sn) was found in
the SAC305—5In solder, while a new phase of
InSns was found in the SAC305—10In solder
besides Agy(In,Sn).

(3) Large size f-Sn grains were derived from
the {101} nucleation model in the SAC305—xIn (x=
0, 0.5, 1, 2wt.%) solders. As the In addition
increased to 5 wt.%, smaller and more £-Sn grains
were derived from the {301} nucleation model,
showing an interlaced grain morphology. Hereafter,
as the In addition further increased to 10 wt.%, the
[-Sn grains were significantly refined, showing a
multiple grain morphology with the existence of a
large amount of twin grains.

(4) The hardness of the SAC305—xIn solders
increased with increasing In content because of the
coupling effect of fine grain strengthening and solid
solution strengthening caused by In element.
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