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Abstract : In the semiconductor manufacturing process, diffusion process parameters directly affect device
performance, and partial differential equations (PDEs) can fully describe the dynamic change details
of impurity diffusion. When finite difference method (FDM) and finite element method (FEM) are used to
solve high—dimensional and strongly nonlinear diffusion equations, they suffer from long computation
time and numerous constraints imposed by mesh settings. Researchers have constructed a physics—
informed deep operator network (PI-DeepONet) for PDE solving, which relies on a branch—trunk
dual-network architecture to learn the nonlinear correlations between source term functions and
spatiotemporal variables. The residual of the diffusion equation, initial conditions, and boundary
conditions are incorporated into the loss function construction to ensure the stability of the model
output. Experimental data show that the average relative L2 error of the model on the test set is
4.80x 107, and the error in the boundary region is reduced to 2.95 x 107°. In scenarios with complex
source term inputs and long—time evolution simulations, the model exhibits excellent generalization
performance and ideal computation speed. This method weakens the rigid constraints of traditional
numerical methods on meshes, providing a new technical implementation path for semiconductor
diffusion process modeling and multi-physics field simulation research.

Keywords : partial differential equation (PDE); deep operator network; physics-informed neural
network (PINN); diffusion process; semiconductor manufacturing
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