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Based on gradient thermodynamics of non-uniform systems, Green’s function solution of long-range
interactions, and field representation of microstructures, the phase-field method has been used widely in
describing microstructures consisting of various types of extended defects. Typical examples include homo- and
hetero-phase interfaces, ferromagnetic and ferroelectric domain walls, and dislocations. Although the method
has enjoyed remarkable success in recent years, it is limited to microstructural features at the mesoscopic length
scales. In this presentation, we discuss the most recent development of the method in capturing microstructural
features at the microscopic length scales that control the micromechanisms of shear dominated processes during
phase transformation and plastic deformation. Three examples are chosen to illustrate the new capabilities of the
method at the microscopic level: (a) structure and energy of small angle grain boundaries consisting of regular
dislocation networks, (b) initiation and growth of martensite, and (c¢) shearing of y' precipitates in Ni-base
superalloys and slip transmission across o/ interfaces in Ti alloys during creep deformations. In particular, we
employ ab initio calculations of the generalized stacking fault (GSF) energy as the input and show quantitatively
that the microscopic phase-field model is a 3D generalization of the Peierls model that has been the cornerstone

of modern nanomechanics.
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