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Morphological instabilities of vicinal surfaces during epitaxial growth

Pestome: The study of step dynamics on vicinal surfaces is a long-standing problem in crystal growth,
dating back to the seminal work of Burton, Cabrera, and Frank (BCF) in 1951. On these surfaces, the
crystal grows by step flow, i.e.,, by propagation of the atomic steps, which may develop instabilities
breaking the regularly spaced, straight-step initial configuration.

Using nonequilibrium thermodynamics and the formalism of configurational forces, we derive a
generalized Gibbs--Thomson relation for the step chemical potential which incorporates the necessary
coupling between the diffusion fields on adjacent terraces (the "chemical effect"). This leads to a free-
boundary problem that generalizes the BCF model for the governing equations of step flow where full
account is taken of the dynamics terms. In doing so, we circumvent the quasistatic approximation that
prevails in the existing literature. Using this generalized model, we demonstrate the significant impact
of the chemical effect and dynamics terms on stability, and show how they allow to reinterpret some
experimental results from the literature in a new light.
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