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Introduction
Tin (Sn) is widely used in microelectronic packages as
the base component of solder alloys. Solder intercon-
nects are exposed to cyclic thermo-mechanical loading
during service. This loading scheme globally originates
from the mismatch between thermal expansion coefficients
of the print circuit board, the solder and the chip. In
addition, the intrinsic thermal anisotropy of the β-Sn
phase also induces mechanical strains in the solder and
causes fatigue damage evolution on Sn grain boundaries.

Figure 1 Electronic device, microelectronic package and the solder
bump.

Objective
This study aims: (1) to characterize SnAgCu bulk material un-
der thermal cycling, (2) to investigate corresponding fatigue
damage paths in correlation with the microstructure and (3)
to characterize a damage evolution model using the quanti-
tative data obtained.

Results
Bulk Sn-4Ag-0.5Cu specimens are thermally cycled between
-40 and 125◦C. The thermal anisotropy in β-Sn causes grains
to deform globally in certain directions more than in other
directions depending on the anisotropic thermal expansion
coefficient. Hence, thermal fatigue damage in SnAgCu is ob-
served at intergranular regions, but not in transgranular re-
gions.

Figure 2 Surface roughness before (left) and after 1000 temperature
cycles (right).

Fatigue cracks on high angle grain boundaries are found to
severely affect themechanical properties of the test samples.
Global elastic moduli of the test samples after 0, 500, 1000,
1500 and 2000 cycles are 64.7 ,50.3 ,45.7 ,44.4 and 41.6
GPa, respectively.

Modelling
Thermal cycling experiments are simulated by incorporating
the local orientations and the microstructure of the test sam-
ples as measured by OIM. The intergranular fatigue damage
evolution is modeled through an interfacial separation ap-
proach using cohesive zone elements (Eqn1). Damage evolu-
tion parameters (Eqn2) are determined by an iterative proce-
dure in order to comply with the measured mechanical prop-
erties. At each cohesive zone an effective damage value is
calculated.

Tn,t = kn,t(1 − Dn,t)Δn,t (1)

Ḋn,t = cn,t|Δ̇n,t| (1 − Dn,t)
mn,t (2)

Figure 3 (a) Experimental OIM scan of bulk SnAgCu specimen, (b)
Contour plot of thermal strain and (c) effective damage after 500
temperature cycles.

The bulk damage model given here is combined with

the previous studies addressing the SnAgCu/Ni-Au bond-
ing interface. Thermo-mechanical fatigue damage evo-
lution in a SnAgCu solder ball is simulated using the
crystallographic data from a real SnAgCu BGA solder
bump. Damage evolves on both the bonding interface
and on the twin boundaries in the solder. Fatigue life
of the solder joint is predicted as the number of cy-
cles where the overall average effective damage is 0.5.

Figure 4 Thermo-mechanical fatigue damage in a solder bump after
4000 temperature cycles between -40 and 125◦C.

Conclusions
Thermo-mechanical fatigue damage evolution in bulk
SnAgCu is predicted by a cohesive zone approach. In this
way, the degradation in the global mechanical properties
due to intergranular fatigue crack propagation is predicted.
Service life of SnAgCu solder balls are predicted by incorpo-
rating both the global structure and the local microstructure.


