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Abstract. A detailed experimental study on the effect of Platinum (Pt) inclusion on the
microstructural evolution, shear strength and failure behaviour of SAC solder joint is presented
in this paper. Commercial Sn-3.0Ag-0.5Cu (SAC305) lead-free solder paste was mixed with
various contents of Pt nanoparticles to form SAC305-xPt (x= 0, 0.10, 0.30 wt.%) composite
solder. Single lap shear joint was formed by overlapping two copper plates together at one end.
The solder joints were isothermally aged at 150 °C for 500 and 1000 h respectively to study the
microstructure evolution and their influences on the solder joint strength. Microstructure studies
showed that Pt effectively refined the B-Sn grain and suppressed the growth of intermetallic
compound (IMC) during the isothermal aging. Shear strength of the joints increased with
increasing Pt contents in the as-reflowed condition. For the isothermally aged specimens, lower
degradation rate in shear strength was found in Pt reinforced solder joints as compared to plain
SAC solder joints. Fracture behaviour study showed that Pt reinforced SAC305 composite solder
joints were more resistive to the ductile to brittle transition as compared to its Pt-free
counterparts. In general, Pt incorporation effectively improves the mechanical properties of SAC
solder joint by suppressing IMC growth and refining the grain sizes.
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1. Introduction

Increasing environmental and health concerns over the toxicity of lead have prompted the electronic
packaging industry toward the development and application of lead-free solders. Among the various
lead-free solder alloys, SnAgCu (SAC) has been proposed as one of the most promising substitute for
lead-containing solders due to its good mechanical properties, solderability and relatively low melting
temperature [1-3]. However, limited reliability in high temperature working environment has restrained
its usefulness. Compared to traditional Sn37Pb eutectic solder, Sn rich solders like SAC is found to be
more susceptible to degradation in mechanical properties due to the fast intermetallic (IMC) layer
growth and grain coarsening under service condition [4]. Although a thin layer of IMC is necessary to
achieve good bonding between the solder and substrate, excessive growth of brittle IMC layer on
solder/substrate interface can deteriorate the mechanical integrity of solder joint, and eventually lead to
brittle failure [5].
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In order to improve the performance of SAC solder joint, several attempts have been made by
researchers in developing new solder material with enhanced properties. This is mainly achieved by two
major approaches. One of the approaches is by micro-alloying with additional elements [6-8]. A study
by Mahdavifard MH et al. [9], showed that adding small amount of Fe and Bi as alloying elements
increased the ultimate tensile strength and yield strength of Sn-1.0Ag-0.5Cu (SAC105) solder. Another
approach is by addition of foreign particles of micro and nano-sized [10-12]. Associate with the
miniaturization trend in electronic packaging industry, researchers have shown an increased interest in
nanoparticle reinforcements that are smaller in size. Extensive research has shown that introducing of
nanoparticles like Ni, CNTs, Sb, Co can improve the mechanical strength of solder joint due to solid
solution strengthening, grain size refinement and second phase dispersion strengthening [13-15].
Platinum (Pt) that has good resistance to corrosion and oxidation has long been used as the underbump
metallization layer to avoid the Cu dissolution [16]. Previous research also found that minor alloying of
Pt into SAC solder can result in sluggish IMC growth, refined grain structure and fewer Kirkendall voids
formation on the solder substrate interface [17]. Therefore, it is believed that addition of Pt in SAC
solder joint will lead to beneficial effect on the mechanical performance.

In this study, effect of Pt additions on the interfacial reaction and solder joint mechanical
performance will be assessed by means of single lap joint shear test. Additionally, the fracture surface
was observed under SEM to determine the failure mode. The relationship between shear strength,
fracture behaviour, and microstructure evolution was then established.

2. Material and methods

2.1. Sample preparation

SAC305-xPt (x = 0, 0.10, 0.30 wt.%) composite solder was prepared by mechanical mixing different
content of Pt nanoparticles into commercial SAC305 solder paste (RedRing). Single lap joint specimen
with dimension as shown in figure 1 was prepared by connecting two copper plates together through
reflow soldering process at peak temperature of 240 °C. A special designed jig was used to control the
solder joint thickness to 0.20 mm. The overlapping area was 10 x 10 mm?. One set from each group was
set aside as standard while the remaining samples were thermally aged at 150 °C up to 1000 hours.

2.2. Microstructure studies

Metallographic investigation was carried out using a Hitachi S-3400 N scanning electron microscope.
The solder joints were cross-sectioned and mounted in acrylic resin. It was then ground with SiC
sandpaper down to 2000 grits and polished to mirror flat surface with 1 um diamond suspension. Lastly,
the specimens were etched with a solution of 5% HCI in ethanol. Energy Dispersive X-ray technique
was performed for chemical analysis of the phase present.

2.3. Shear Test and fracture behavior studies

The shear strength of solder joint was measured by Instron 5582 Universal Testing Machine with
constant strain rate of 1.20 mm/min. For each aging condition, 3 samples were tested and the average
value was taken. To understand the fracture mechanism of Pt reinforced nanocomposite solder, broken
solder joints after shear test were collected and observed under SEM.

; L] ’ Solder
h T (thickness: 0.2) q Shear direction

L3 Figure 1. Specification of single lap
|<7 50 10 shear joint. (unit: mm)
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3. Result and discussion

3.1. Microstructure and IMC growth

Figure 2 presents the optical microstructure of SAC305 solder with different Pt contents. According to
the Cu-Sn phase diagram, the major components presents in SAC305 solder reflowed at 240 °C are -
Sn (bright region) and eutectic CusSns/Sn (dark region) and large Agz;Sn precipitation. From the figure,
it can be seen that microstructure of solder matrix was refined by Pt addition. As shown in figure 2(b)-
(c), increase in Pt concentration results in smaller -Sn dendrite and more uniformly distributed
CusSns/Sn eutectic phase. The reason behind could be due to the effect of Pt in controlling the
undercooling required for solidification of tin dendrites. Similar observation was reported with Zn
addition, where minor addition of Zn into SAC solder was found to reduce the undercooling for f-Sn
formation and, subsequently, lead to finer microstructure [18].

Figure 3 reveals the cross-sectional microstructures of as-reflowed SAC-xPt/Cu (x = 0, 0.10, 0.30
wt.%) solder joints. It is seen that an intermetallic compound layer with large and spiky grain structure
formed between the SAC305 solder and Cu substrate (figure 3(a)). Based on previous studies, this
discontinuous scallop-type IMC layer was identified to be CueSns[19]. Upon addition of Pt nanoparticle,
the morphology of IMC layer become more continuous with smaller scallop-shape grain. The grain
refinement is more pronounced when amount of Pt addition increased from 0.10 wt.% to 0.30 wt.%, as
in figure 3 (b)-(c). Pt was found to dissolve in solder/Cu interface of Pt containing nanocomposite solder
(figure 4). It is believed that Pt can substitute the Cu atom from CueSns lattice and forming (Cu,Pt)sSns
ternary compound, as in the case of Pt as alloying element [17].

Further aging to 1000 h causes the IMC layer coarsened to layer-type structure. A darker layer known
as CuszSn appeared on the interface between the CusSns IMC and Cu substrate (figure 5). In SAC305/Cu
solder joint, a large amount of kirkendall void was found on the thick Cu3;Sn IMC of plain solder joint
(figure 5 (a)). In comparison, thickness of Pt reinforced nanocomposite solder joint remains thinner and
no obvious kirkendall void was detected from the micrograph (figure 5 (b)-(¢c)).

Figure 2. Optical microstructure of SAC-xPt solder: (a) 0 wt.%; (b) 0.10 wt.%; (c) 0.30 wt.%.
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Figure 3. The as-reflowed cross-sectional view of SAC305-
xPt/Cu interface: (a) 0 wt.%, (b) 0.10 wt.%, (c) 0.30 wt.%.
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Figure 5. The cross-sectional view of SAC305-xPt/Cu
interface being aged at 150 °C for 1000 h: (a) 0 wt.%; (b)

0.10 wt.%; (c) 0.30 wt.%
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Figure 4. EDX analysis on interfacial IMC layer of Pt reinforced nanocomposite solder.

In figure 6, the thickness of each individual IMC layer is plotted with respect to aging time. From
the plot, a lower IMC growth rate was observed from Pt containing solder joint. This finding could be
attributed to the formation of thermodynamically stable (Cu,Pt)sSns that is harder to decompose to form
Cu3Sn [20]. Similar result was reported in Pt as alloying element of SAC solder joint [17]. Therefore,
Pt nanoparticle might exert its effect on the IMC growth through partially alloying effect.
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3.2. Shear test and fracture behaviour

Solder joints are constantly subjected to mechanical loading during manufacturing, transportation and
application. To better understanding the mechanical performance of Pt reinforced composite solder joint
under actual service conditions, single lap shear test was conducted. Figure 7 shows the shear strength
of monolithic SAC305 and Pt reinforced solder joint after reflowing and isothermal aging at 150 °C for
duration up to 1000 h. For the as-reflowed samples, the shear strength of solder joint is seen to increase
with increasing Pt content, as shown in figure 7, the shear strength of SAC305/Cu solder joint was
increased from 28.5 MPa to 30.8 MPa and 34.4 MPa, respectively with addition of 0.10 wt.% and 0.30
wt.% Pt. This discrepancy in strength could be explained by the microstructure of the solder joint.
According to Hall-Petch strengthening mechanism, materials with smaller grain size will have higher
mechanical strength since they possess greater amount of grain boundaries that can resist dislocation
movement [21]. In addition, similar result was reported with Ni addition, where dispersion of smaller
(Cu,Ni)6Sns IMCs grain size in bulk solder is found to contribute to higher shear strength [22].
Therefore, it is believed that higher shear strength of nanocomposite solder joint is due to the finer grain
structure as well as thinner IMC layer resulted by Pt addition as in figure 2 and 3.

After isothermal aging at 150 °C, shear strengths of both monolithic and nanocomposite solders are
seen to decrease with increasing aging time, but the deterioration in shear strength of solder joint without
Pt is more prominent. Upon aging for 1000 h, SAC305/Cu experiences a tremendous drop in shear
strength of about 34%, however, there is only a 26% and 21% drop in shear strength for composite
solder with Pt contents of 0.10 wt.% and 0.30 wt.% respectively. These discrepancies suggested that
inclusion of Pt nanoparticle in SAC solder can lead to better reliability in high temperature working
environment. Previous studies also showed that excessive growth of IMC layer could result in thermal
fatigue failure due to its intrinsic brittleness [23]. Therefore, the reason behind the higher shear strength
of aged Pt reinforced solder joint could be accounted for the effectiveness of Pt in controlling the
interfacial growth and grain ripening during the solid state diffusion. Besides that, absence of Kirkendall
voids on the aged composite solders joint could result in stronger mechanical attachment between solder
and substrates. Hence, better mechanical properties were achieved by Pt addition.

In order to investigate the fracture mechanism of the solder joints aged for different duration, the
fracture morphologies of the solder joints were examined with SEM. Figure 8(a) shows the fracture
surface of as-reflowed solder joint. Evidence of elongated solder along the loading direction and
parabolic-shaped dimple indicated that the solder joint undergoes a ductile failure.

With further increase of aging duration to 1000 h, the fractured morphology of plain solder was
majorly covered by IMCs and some residual solder, as shown in figure 8(b). The IMC layer was
identified to be CusSn through EDX analysis (figure 9). The result shows that delamination of
CueSns/CusSn was the primary failure mechanism. It could be resulted from the Kirkendall void formed
due to the imbalance diffusion flux between the CusSns/CusSn interface. Previous researches also
showed that Kirkendal voids could reduce the effective area of solder joint in resisting the shear loading
and allow the crack initiation to happen [24].
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Figure 8. Fracture surface of SAC305-xPt/Cu solder joint: (a) as-reflowed; (b) 0 wt.%; (c) 0.10 wt.%; (d) 0.30 wt.%
after thermal aging at 150 °C for 1000 h.
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Figure 9. EDX analysis of figure 5(b).

4. Conclusion
The effect of Pt particles addition on microstructure evolution, shear strength and fracture behaviour of
SAC solder have been studied in this work. The main conclusions obtained are as follows:

9] Compared to plain SAC solder, Pt containing composite solder was found to exhibit slower
growth rate under thermal aging. This might be attributed to the effect of Pt inclusion. It was found that
Pt dissolved into CusSns IMC layer forming the thermodynamically stable (Cu,Pt)sSns which slows
down the overall growth of the IMC layer.

2) The shear strength of both monolithic and Pt containing composite solder joints were observed
to decrease with increasing aging time. However, lower degradation rate in shear strength was found
with Pt addition.

3) Pt additions slow down the ductile to brittle transition of SAC305 solder joint resulted from
isothermal aging. This was attributed to the effect of Pt in suppression of interfacial layer growth and
grain coarsening process.
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In conclusion, all of these findings proved that a more reliable solder joint was obtained by Pt
inclusion.
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