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ABSTRACT Mechanical behaviors of miniature solder joint interconnections with different scale
matches, diameter (d) in the range of 200—575 pm and length (1) of 75—525 pm, were investigated
by using quasi-static micro-tensile testing. The results show that the joint geometry scaling factor
(d/1) plays an important role in influencing the mechanical constraint level and tensile strength of the
solder joints. However, with increasing d/I, the tensile strength of the joints does not always increase
and not always exhibit a similar trend to that predicted by Orowan approximation equation, but there
is an inverse size effect on the solder joint strength. For both lead—free and lead—containing solders,
the correlation between the tensile strength and volume of the solder joints largely follows inverse
proportion function equation, i.e., Op_ joint = ﬁ + B, where tensile strength of the solder joints

increases obviously with the decrease of the solder joint volume and there is a so—called “solder joint

volume effect” , that is, the smaller the solder joint volume, the higher the solder joint strength.
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Fig.1 SEM image of Cu line/solder/Cu line structured sol-
der joint (diameter: 200 pm, length: 225 pm)
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Fig.2 Distributions of the average tensile strengths of Sn—
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Fig.3 Stress—strain curves of Sn—37Pb solder joints (a) and

tensile strength vs solder length (b) for 200 pm di-

ameter joints
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Fig.4 Stress—strain curves of Sn—37Pb solder joints (a) and

tensile strength vs joint diameter (b) for joints with

225 pm solder length
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Fig.5 Morphologies of Sn—37Pb solder joints with length of 225um and different diameters after yield and rupture

(a) longitudinal cross—section of the joint with 200um diameter after yield

(b) morphology of the joint with 200 pm diameter after rupture

(c) longitudinal cross—section of the joint with 575 pm diameter after yield, circles showing the crack initiation

positions

(d) and (e) morphologies of the joints with 575 pm diameter after rupture
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Fig.6 Solder joint model, triaxial stress state and interface stresses in solder joints after deformation

(a) geometry of solder joint

(b) triaxial stress state in a plastically deformed solder joint

(c) interface stresses in plastically deformed solder joint
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