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Abstract: This study focuses on solving the Allen-Cahn (AC) equation with consideration of varying phase boundary
thickness using Physics-Informed Neural Networks (PINN). Traditional numerical methods often exhibit declining
computational efficiency and accuracy as problem complexity increases when handling complex phase boundary
conditions; PINNs offer a novel approach to addressing such challenges. The study first conducts a detailed derivation of
the AC equation and constructs a PINN-based solution model, including three key steps: designing a specific neural
network architecture; building a loss function composed of partial differential equation (PDE) residual terms, boundary
condition residual terms, and initial condition residual terms; and performing model training. The computational results
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demonstrate that the established PINN model can effectively solve the AC equation with varying phase boundary
thicknesses, accurately revealing the distribution patterns of the order parameter under different phase boundary
thicknesses, and adapt to the challenges brought by changes in phase boundary thickness by adjusting the number of
iterations to achieve stable and efficient numerical solutions. The phase boundary thickness parameter has a significant
impact on order parameter distribution, computational stability, and convergence. Additionally, a discussion is conducted
between PINN and the finite difference method. This research provides support for in-depth understanding of the physical
connotation of the AC equation and optimization of numerical calculation methods, and also lays a foundation for the
application of PINN in solving similar complex problems in fields such as materials science and condensed matter physics.
Future work can further expand the application of PINN in high-dimensional phase-field models and multi-physics
coupling problems, combine other technologies to improve the accuracy and efficiency of phase-field simulations, and

carry out more studies on practical application cases.

Keywords: Physics-Informed Neural Networks; Allen-Cahn Equation; Phase Boundary Thickness;
Order Parameter Distribution; Finite Difference Method
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