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Sindhu Nagaraja1∗, Ulrich Römer2, Hermann G. Matthies3 and Laura De
Lorenzis1

1 Department of Mechanical and Process Engineering, ETH Zürich, Tannenstrasse 3, 8092
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A large class of solar cell wafers are made of silicon crystal that falls under cubic symmetric
class of anisotropic materials. Such a material exhibits a complicated four-fold symmetry
in its elastic parameters as well as in its fracture toughness. Large difference in the amount
of energy required for crack propagation along two salient crystallographic orientations
gives rise to strong and weak directions. Additionally, the two weak directions along which
the crack tends to kink are symmetrically located and leads to zigzag crack patterns.

In this work, we follow the well-established phase-field approach for fracture to study
cracking in silicon. In particular, we build upon and extend the fourth-order phase-field
approximation containing the second gradient of the phase-field variable in its regularized
energy functional in addition to the usual first gradient [1]. Furthermore, lack of convexity
in the minimization of the coupled phase-field and elastic energy potentials in the isotropic
setting gets more severe in the cubic symmetric case given the non-convexity of the fracture
toughness. To address this, we transition from a deterministic to a stochastic setting
by introducing perturbations in the anisotropic phase-field energy functional to capture
solution non-uniqueness [2]. Such a stochastic phase-field model describes multiple crack
paths and their probabilities. The additional insight into the solution behavior, however,
requires a larger computational effort. Lastly, results from an experimental campaign
undertaken to understand anisotropic fracture in silicon are discussed. The outcome of
this work is hence a well-assessed stochastic phase-field anisotropic module that can be
employed to investigate four-fold symmetric fracture anisotropy for complex applications.
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