Cu substrate

Fig.1. Microstructures of composite solder joints based on eutectic Sn-3.5Ag solder: as-fabricated conditions of (a) Cu-composite, (b) Ag-com-
posite, (c) Ni-composite solder joints, and (d) four times reflowed Ni-composite solder joint.

explanation of these features can be found else-
where. 1117

Shear Test

The shear-stress versus simple-shear curves for
the various composite solder joints tested at a
simple shear rate of 0.001/s at each of the three tem-
peratures are shown in Fig. 2. Shear-stress versus
simple-shear curves as a function of strain rate at a
testing temperature of 150°C are depicted in Fig. 3.
These plots are typical of those for the various
tested conditions of simple shear rates of 0.001/s,
0.01/s, and 0.1/s at different testing temperatures of
25°C, 85°C, and 150°C. The maximum shear stress
and the flow stress level of those composite solder
joints depend strongly on both testing temperature
and simple shear rate. Plots given in Fig. 4 show
the maximum shear stress as a function of simple

shear rate at different testing temperatures. The
maximum shear stress increases significantly with
increasing simple shear rate at all testing tempera-
ture ranges for all composite solder joints. Also, one
can clearly observe that the maximum shear stress
is strongly affected by testing temperatures. The
maximum shear stress decreases with increasing
testing temperature at all simple-shear rate levels
for all composite solder joints.

Figure 5 provides an overall comparison of the
maximum shear stress of the composite solder joints
as a function of temperature at a fixed, simple-shear
rate along with that of the eutectic Sn-Ag solder
joint. One can clearly observe that the as-fabricated,
Ni-composite solder joint containing sunflower mor-
phology exhibited the highest maximum shear-stress
levels for all test conditions followed by the Cu-com-
posite solder joint containing a scallop-shaped IMC

c

d

Fig. 2. Shear stress versus simple shear plots for various composite solder joints at simple shear-rate of 0.001/s at different testing tempera-
tures: as-fabricated conditions of (a) Cu-composite, (b) Ag-composite, (c) Ni-composite solder joints, and (d) four times reflowed Ni-composite

solder joints.
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Fig. 5. Comparison of shear strength of the Cu, Ag, and Ni compos-
ite solder joints at various temperatures along with eutectic Sn-3.5Ag
solder joint.'2

layer around the Cu reinforcement. Both composite
solder joints exhibited better shear strength com-
pared to the eutectic Sn-Ag solder joint. However, the
Ag-composite solder joint, which contains a very thin
IMC layer, exhibited the worst shear strength at all

the conditions employed. The maximum shear-stress
level of the Ag-composite solder joint is even lower
than that of the eutectic Sn-Ag solder joint. The Ni-
composite solder joint, containing blocky IMC mor-
phology that resulted after four reflows, exhibited
much lower shear strength than that containing the
sunflower-shaped IMC.

The microstructures of the solder-joint side sur-
faces after shear testing at a simple shear rate of
0.01/s at 25°C and 150°C are shown in Fig. 6. The
deformation at 25°C is dominated by the shear-
banding mode, whereas at 150°C, it is by a grain-
boundary deformation. The effect of reinforcing
particles and IMC morphology formed around those
metallic particles on the deformation features can
also be seen. The shear bands do not propagate
through the reinforcing particles but flow around
these obstacles, suggesting that deformation is re-
tarded by these particles, causing composite solders
to have much higher shear strength than the base
solder material. However, the IMC formed around
Ag is very thin, so that this effect is not sufficient
to retard the propagation of shear deformation.

Cu substrate T
Ulm

e

—_— Cu substrate —
20pm i 20um

Fig. 6. Microstructures of the composite solder joint side surfaces after shear test with a simple shear-rate of 0.01/s at various temperatures: (a)
Cu composite at 25°C, (b) Cu composite at 150°C, (c) Ag composite at 25°C, (d) Ag composite at 150°C, (e) Ni composite at 25°C, (f) Ni com-
posite at 150°C, (g) four times reflowed Ni composite at 25°C, and (h) four times reflowed Ni composite at 150°C.

N peiiall
reinforcements

Ag particlg
reinforcements

Fig. 7. Features of the IMCs formed around reinforcing particles within the composite solder joints: (a) Ni composite solder joint with sunflower
IMC morphology (specimen deformed simple shear-rate of 0.1/s at 85°C) , (b) Ni composite solder joint with blocky IMC morphology (enlarged
view of Fig. 6 (g); specimen deformed simple shear rate of 0.01/s at 25°C), and (c) Ag composite solder joint (specimen deformed simple shear-
rate of 0.001/s at 25°C).



deformation of the solder joints during creep. The
Cu-composite solder joints have scallop-shaped IMC
morphology with a shape similar to a sunflower with
thicker and shorter petals. Therefore, Cu-composite
solder joints also showed a lower steady-state creep
rate than the Ni-composite solder joints with blocky
IMC morphology. The Ni-composite solder joints
with blocky IMC morphology did improve the steady-
state creep behavior because of the thick IMC
formed compared to the Ag-composite solder joints in
which only a barely noticeable IMC layer was formed
around each Ag particle. In general, to improve the
creep resistance of the eutectic Sn-3.5Ag solder joint,
the formation of a spatially extended IMC is the pre-
requisite. The morphology of the IMC determines
the extent of improvement. The sunflower-shaped
IMC morphology tends to render better mechanical
properties to the solder joint as compared to the
blocky-shaped morphology.

SUMMARY AND CONCLUSIONS

e The IMCs with different morphologies can be
formed around reinforcing phases, depending
on reinforcing particles and reflow conditions.
Because the IMC formed around the Ni particle
is sensitive to reflow profiles, it changes in
shape from sunflower to blocky morphology
with increasing time and temperature above
liquidus.

e Maximum shear stress and the flow stress
level of composite solder joints are strongly
affected by testing temperature and simple
shear rate.

e The Ni-composite solder joint containing sun-
flower IMC morphology exhibits the highest
shear strength among the composite solder joints
tested. The Ni-composite solder joint containing
blocky IMC morphology exhibits much lower
maximum shear stress than the Ni-composite sol-
der joint containing sunflower IMC morphology
at all test conditions.

e Grain-boundary deformation can be seen in the
specimen deformed at 150°C, while shear bands
dominate deformation at 25°C.

e The reinforcing phase in the composite solder
joint may act as an obstacle to retard the propa-
gation of deformation.

e The Ni-composite solder joint containing sun-
flower IMC morphology exhibits the best creep

performance just as it behaves in the shear
test.
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