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Introduction
As the microelectronics industry continues to develop in-
creasingly complex and smaller devices, reliability of sol-
dered connections becomes more of an issue. As the size
of soldered interconnects reduces, their microstructure be-
comes more important. It has a large influence on the me-
chanical properties, including fatigue life. Since this mi-
crostructure is continuously changing over time due to dif-
fusion, mechanical properties vary as well. Furthermore,
operating temperatures are relatively close to the melting
points of solder alloys, which means that their deformation
behaviour is governed by high temperature mechanisms, e.g.
creep.

Figure 1: Soldered connections.

Objective
Developing a model for the mechanical analysis of sol-
dered connections, which takes into account the evolving mi-
crostructure, viscoplastic behaviour, and damage.

Modelling and Results
Microstructure

To describe the microstructure evolution a strongly nonlo-
cal phase field model is used, derived from a macroscopic
free energy equation describing phase segregation in mi-
croscopic model systems with long-range interactions evolv-
ing according to stochastic Kawasaki dynamics with nearest
neighbour exchanges.
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Figure 2: Ageing of tin-lead solder at 150◦C, size 10 × 10 μm

Mechanical behaviour
The phase field provides extensive information on the mi-
crostructure: the mass fractions of the individual phases,
their shape and orientation, and position and shape of inter-
faces between phases. This information is next used to deter-
mine local material parameters for the constitutive material
model applied. Since creep is a very important deformation
mechanism in solder alloys, a hyperelasto-viscoplastic model
has been used for the mechanical part of the model.
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Figure 3: Stress [MPa] distributions after cyclic shearing, left:
as-cast microstructure, right: after ageing.
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Figure 4: Strain distributions after cyclic shearing, left: as-cast
microstructure, right: after ageing.

Damage
In order to describe the material deterioration process,
a damage parameter has been introduced in the model
whose evolution equation is dependent on the underlyingmi-
crostructure. This parameter can be interpreted as the effec-
tive volume/area reduction through void formation and mi-
crocracking. As damage increases within a material volume,
it gradually looses the ability to store energy elastically or to
dissipate it viscoplastically.
To avoid problems with mesh dependency and ill-posed dif-
ferential equations the damage parameter is related to the
nonlocal effective plastic strain, which is a weighted spatial
average of its local counterpart.
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Figure 5: Damage (left) and stress [MPa] (right) distributions af-
ter cyclic shearing.

Conclusions
� The model is capable of quantitatively predicting the

microstructure evolution.
� The material softens on the macro scale as microstruc-

tural length scales increase.
� Locally, larger microstructural length scales lead to

more pronounced localisation and higher local stresses
and strains.


