MATERIALS SCIENCE AND ENGINEERING

SEMINAR

Microstructural Effects on Constitutive and Fatigue Fracture Behavior of SnAgCu Solder
By

Jonathon Tucker
Purdue MSE Final Examination

Advisors
Prof. C.A. Handwerker & Prof. G. Subbarayan
ABSTRACT

As microelectronic package construction becomes more diverse and complex, the need for accurate, geometry-independent material behavior models increases. Evaluations of packages based on accelerated environmental tests (such as accelerated thermal cycling or power cycling) only provide package-dependent reliability information. In addition, extrapolations of such test data to life predictions under field conditions are often empirical. Besides geometry, accelerated environmental test data must account for microstructural factors such as alloy or aging condition, resulting in expensive experimental variation. In this work, displacement-controlled, creep, and fatigue lap shear tests are conducted on specially designed SnAgCu and mixed SnPb / SnAgCu solder test specimens with microstructures and alloy compositions reflective of those found in commercial/defense microelectronic packages. The data are used to develop constitutive and fatigue fracture material models capable of describing deformation, damage accumulation, and fatigue fracture behavior for the relevant temperature and strain rate ranges. The failure model used to study fatigue fracture behavior is the Maximum Entropy Fracture Model (MEFM), a thermodynamically consistent and information theory inspired (non-empirical) damage accumulation theory for ductile solids. This model has been validated recently for Sn3.8Ag0.7Cu solder alloy, and uses a single parameter to relate the accumulated damage to accumulated inelastic dissipation. Furthermore, insight is provided into the microstructural variation of solder joints and the subsequent effect on material behavior. These models are appropriate for application to packages of any geometrical construction.
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