Appendix A. Print detailed information of parameters
Table S1 Print detailed information of parameters
	Printing parameters
	Parameter values

	Number of wall routing times
	2

	Top layer thickness
	0

	Bottom layer thickness
	0

	Fill the wiring pattern
	Concentric circles

	Print empty driving speed
	200mm/s

	Pull back distance
	1mm


Appendix B. Detailed basis for parameter selection
In this study, the mechanical interlocking parameters (interlocking depth h, interlocking angle θ) and alternating deposition width D were determined by integrating geometric characteristics, pre-experimental verification, and processing feasibility, so as to ensure the effectiveness of parameter gradients and the operability of experiments.
Specifically, the mechanical interlocking angle θ was selected as 0°, 22.5°, and 45°. This is because the interface engagement morphology and force transmission between θ and 90°- θ (e.g., 22.5° and 67.5°, 0° and 90°) are equivalent, As shown in Figure S1, and thus the effective range can be simplified to 0°- 45°. The selection of 0° (no inclination), 22.5° (moderate inclination), and 45° (maximum inclination) not only covers the effective range but also clearly reveals the influence of θ on the interface bonding strength with an interval of 22.5°, avoiding the redundancy caused by repeated testing of equivalent angles.
The mechanical interlocking depth h is chosen as 2 mm and 4 mm, based on pre-experiments and interface performance requirements. When h < 2 mm, the embedding of interlocking teeth is insufficient, resulting in weak interlayer interlocking and high susceptibility to slipping; when h > 4 mm, the interlocking effect becomes redundant due to the limitation of sample width (As shown in Figure S1). The 2-fold depth gradient allows for an intuitive comparison of the regulatory effect of "shallow-deep interlocking" on the interface load-bearing capacity, and both depths can be achieved through conventional FDM printing.
[image: ]
Fig. S1 Schematic diagram of mechanical interlock effect.
For the alternating deposition width D:
In shear tests, D is selected as 1 mm, 2 mm, and 4 mm. Among these, 4 mm is the maximum width that balances the shear sample size and printing quality. The 1:2:4 equal-proportion gradient facilitates quantifying the correlation law between "width and shear performance"; 1 mm is the minimum width for stable FDM printing, which eliminates interference from processing defects.
In tensile tests, 6 mm and 8 mm are added on the basis of the parameters used in shear tests. This is because widths of 4 mm and below tend to cause premature sample fracture due to the narrowness of the interface material mixing zone. The added sizes can increase the load-bearing area of the mixing zone, making the data more representative. Moreover, these sizes have been verified by pre-experiments to enable stable forming via FDM. The continuous gradient of 1:2:4:6:8 covers the full range of "narrow-medium-wide" widths, avoiding discontinuities in performance laws caused by excessively large gradient intervals. This results in a smoother "width-tensile performance" curve and more rigorous conclusions.
Appendix C. Microscopic morphological characterization of the bonding surface at the joint of the interlocking structure with a 0° interlocking angle
Utilizing laser scanning confocal microscopy to microscopically characterize the interlocking structure, the sample configuration is as depicted in Fig. S2. The printing parameters of the sample are consistent with those of the tensile/shear specimens mentioned in the main text. 
[image: ]
Fig. S2 Schematic diagram of microstructure characterization sample.
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