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Introduction

With the advent of surface mount technology (SMT), solder
materials are used to meet the dual purposes of mechani-
cal and electrical interconnections. During service, the solder
joints are subjected to fluctuating thermal stresses resulting
from a combination of thermal excursions experienced by the
package and differential thermal expansions (CTEs) between
the materials caused either by power cycling or environmen-
tal temperature changes. The peak temperature of the sol-
ders while thermal cycling rises to > 0.5 Tm, where Tm is the
melting temperature of the solder in Kelvin. At these temper-
atures, atomic migration of various species takes place re-
sulting evolution of microstructure [1] and eventually cause
concomitant premature failure of the solder joints. The de-
signing of reliable solder joints especially with the new sets
of lead free solder alloys keeping consideration of thermo-
mechanical failure is a big challenge to the microelectronics
industry. Therefore, determination of microstructural evolu-
tion of the solder joints under various loading conditions is
indispensable.
The evolution of microstructure under the influence of
thermo-mechanical loading, however, is not yet character-
ized. Most of the studies, so far, have been performed on
the evolution of microstructure under isothermal annealing
condition which do not reflect the actual service condition.
The present study will be focused on the microstructure evo-
lution of lead free solders as well as eutectic Sn-37Pb solder
by imposing a systematic thermal cycling and/or mechanical
loading.

Methodology

The evolution of microstructure will be characterized under
the following three circumstances:

✷ The application of thermal fluctuation within the tem-
perature range of -50◦ to 125◦C by using a thermal
chamber.

✷ The influence of pure mechanical loading by the appli-
cation of shear stress.

✷ The application of both thermal and mechanical load-
ings.

Construction of the deformation mechanisms map for lead
free solder materials and simultaneous creep behavior study
will be performed considering the following type of constitu-
tive equation incorporating phase size (d):
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Experimental studies

The evolvedmicrostructurewill be in-situ characterized by us-
ing optical microscope and the linear intercept method will
be used to determine the various phase sizes. An X-raymicro-
probe analysis equipped with ESEM under proper calibration
will be performed to determine the composition and type of
the intermetallics. The average thickness of the intermetal-
lic layer will also determined with the help of an Image An-
alyzer using micrographs. Finally, a correlation among the
influence of various loads and their frequencies, evolution of
microstructure, and reliability of solder joints will be figured
out.

Conclusions

✷ Evolution of microstructure depends on: the compo-
sition of solders, under bump metallurgy (UMB), the
cyclic temperature range and frequencies, imposed
mechanical load.

✷ The classic eutectic microstructure possessing higher
interfacial energy is not a desirable microstructure. To
minimize the interfacial energy, eutectic colonies will
grow and gradually become spheroid at the service
temperature and deteriorate the properties [2].

✷ Intermetallic layer formed at the interface by the solder-
substrate interactions has an indirect influence on the
resultant ab initio microstructure of solder joints. The
depletion of one component shifts the overall compo-
sition of the bulk solder (eutectic) to render off-eutectic
and produces inhomogeneous microstructure.

✷ Intermetallic compounds occasionally exhibit a weak-
ness in the solder joint and cause micro-strains due
to the mismatch of CTE between the solder and inter-
metallic compounds. As themicro-strains exceed a crit-
ical value, micro-cracks may occur at the interface of
solder/intermetallic compounds and might propagate,
which would result in failure of the joint and hence in-
fluence the solder joint’s reliability.
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