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ABSTRACT

A damage coupled thermal viscoplastic constitutive model has been developed to
predict thermomechanical fatigue life of near eutectic Pb/Sn solder joints in electronic
packaging. The material parameters involved in the constitutive model have been
experimentally determined. The constitutive model has been programmed as user-defined
subroutines and implemented into nonlinear finite element procedure of ABAQUS, a
commercial finite element analysis code. The model and numerical simulation procedure
have been verified by monotonic uniaxial tensile testing and monotonic shear testing
under different temperatures and strain rates, isothermal cyclic shear testing, and thermal
cycling of actual BGA electronic packages.

Eutectic solder alloys have low melting point, and experience high homologous
temperature during service. As a result they undergo time and temperature dependent
deformation process. The elastic modulus, yield stress, kinematic back-stress and
isotropic hardening stress of Pb/Sn solder joints are experimentally measured at different
temperatures. The time dependent viscous behavior of solder is characterized by the
viscoplastic flow rule, which governs the steady state creep strain rate. The parameters of
viscoplastic flow rule are determined using available creep test data of Pb/Sn solder
alloys. The microstructure coarsening is taken into account by involving phase size
growth function into the viscoplastic flow rule.

Damage is an internal state variable that corresponds to material degradation
under fatigue loading. The entropy, which is a measure of the disorder of thermodynamic

system, is used as the metric of material damage. The damage variable. with its evolution



function, is coupled with elastic modulus, yield stress and strain hardening. The damage
variable is also coupled with creep flow function through overstress. The damage coupled
constitutive model reflects the interaction between damage and mechanical response of
material under fatigue loading.

The computational simulations are performed by implementing the damage
coupled constitutive model into nonlinear finite element procedure. The simulation
results have good correlation with test data of monotonic uniaxial tensile testing and
monotonic shear testing at different temperature and different strain rate. Isothermal
fatigue shear testing has been performed. The computational procedure with the damage
coupled constitutive model simulates the cyclic stress-strain response of solder joint quite
well before macro crack propagation. And the fatigue failure criterion using damage
variable is verified through the prediction of macro crack initiation of solder joint under
fatigue loading by damage variable.

Thermal cycling of actual BGA electronic packaging modules has been
performed. The accumulated inelastic strains of solder joints, which are considered
directly related to material degradation, are measured by high resolution Moiré
interferometry. The comparison of measured accumulated inelastic strains and the
simulation results shows good correlation. The elastic modulus degradation of solder
joints under thermal cycling, which reflects material deterioration, is measured. The
comparison between the measured elastic modulus degradation and simulation results for
the damage variable evolution validates that entropy can be used as a criterion for fatigue

lifetime prediction of solder joint under thermomechanical fatigue loading.

~
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