Highlights  
LIPSS creates a periodic interface that simultaneously regulates substrate, nanocrystalline nucleation, and coating growth. 
Ultrafast laser irradiation induces a gradient nanostructured subsurface through defect-mediated refinement. 
Periodic curvature and etching-enhanced surface energy promote dense heterogeneous nucleation. 
LIPSS enhances interfacial coherency across monolayer and multilayer coating systems.
The LIPSS-induced polycrystalline architecture deflects cracks and enhances adhesion and wear resistance.
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