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Supplementary Figure 1. Microstructural overview of the WC-Co coating and FIB-prepared lamella. a Scanning electron microscopy (SEM) image of the WC-Co coating, in which WC grains display well-defined morphology and the binder Co phase forms an interconnected network. b Low-magnification TEM image showing a lamella extracted from the central region of (a) by focused ion beam (FIB) milling.
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Supplementary Figure 2. Projection geometry of stacking faults in WC near the [0001] zone axis. a Representative WC grain along the [0001] zone axis, exhibiting abundant line contrasts parallel to the prismatic {100} planes. The inset illustrates the projected morphology, characterized by an ideal truncated triangular shape bounded by {100} facets (green lines). b-c Enlarged views of the red-boxed region in (a). The stacking-fault traces appear narrow and nearly edge-on in (b), but display a finite width in (c), indicating an inclined fault plane.
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Supplementary Figure 3. Projection geometry of stacking faults in WC along the [20] zone axis. a Schematic representation of a WC trigonal prism and its projected outline along the [20] zone axis, with {0001} and {100} facets marked by red and green lines, respectively. b Low-magnification bright-filed (BF) image of a WC grain along the [20] zone axis. c Expanded image of the boxed region in (b), in which the dark contrast arises from inclined stacking faults with a finite projected width (black arrows).
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Supplementary Figure 4. Crystallographic imaging of a WC grain revealing inclined stacking faults parallel to the (010) prismatic plane. a Low-magnification bright-field (BF) image of a WC grain along the [23] zone axis. The inset shows the corresponding simulated diffraction pattern, in which only one (010) prismatic plane is visible. b Magnified image revealing inclined stacking faults parallel to the prismatic plane.
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Supplementary Figure 5. Stacking faults in a rapidly-quenched WC grain (viewed along [20] axis). a-b Low-magnification BF image and corresponding schematic highlighting intragranular defect traces. c FFT (fast Fourier transform) from an intragranular region, where yellow circles indicate diffraction spots of the (010) plane. d Magnified view of the boxed region in (a). Stacking-fault traces are marked by arrows; yellow lines indicate the (010) plane. e Atomic-resolution image showing monolayer (purple) and multilayer (green) stacking faults. f-h Crystallographic models corresponding to the three fault configurations.
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Supplementary Figure 6. Interacting stacking faults in WC and corresponding elongation of diffraction spots in reciprocal space along the [0001] axis. a-b HAADF and BF images of interacting stacking faults within a WC grain. Kinked junctions between stacking faults produce darker diffraction contrast in the BF image. Mono-, double-, and triple-layer faults are highlighted in purple, blue, and green, respectively. The inset in (b) presents the corresponding fast Fourier transform, where the intersecting stacking faults in real space led to pronounced elongation of diffraction spots in reciprocal space.
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Supplementary Figure 7. HAADF and EDS characterization of a stacking-fault junction along the [0001] axis of WC. HAADF and EDS (energy-dispersive X-ray spectroscopy) images of the stacking-fault junction, where no discernible elemental segregation is observed.
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Supplementary Figure 8. Observation of abundant stacking-fault embryos in a WC grain viewed along the [0001] zone axis. a-b HAADF and BF images of a WC grain viewed along the [0001] zone axis, revealing abundant stacking-fault embryos.
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Supplementary Figure 9. Large-area mosaic HAADF images of abundant stacking faults within the WC grain aligned along the [0001] zone axis. Large-area mosaic HAADF (high-angle annular dark-field) imaging revealing abundant stacking faults extending into the grain interior and transforming interconverting across different thicknesses.
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Supplementary Figure 10. Top-view CSL/DSC lattice model of the Σ2 interface. Top-view schematic of the CSL/DSC (displacement shift complete) lattice model, illustrating the periodic alternation of well-matched and poorly matched regions along the Σ2 interface.
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