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1. Silver substrate preparation 2. SiO, Dielectric layer deposition 3. Single-crystal silicon lay

6. VO, filling and planarization 5. Roken ring channel etching 4. Triangular air hole etchin
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Fig. S1. Step-by-step flowchart of the manufacturing process.
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Fig. S2. The influence on the generation of STOV and OV after exceeding the technical tolerance
range: (), (b) When the difference in width of the air holes on the left and right is 5 um, the
amplitude and phase diagrams of the transmission scattering equation in the -k, domain under
RCP incidence; (¢), (d) when the inner radius of the ring is greater than the standard parameter
by 10 um, the amplitude and phase distributions of the eight metamaterial encoding units under
RCP incidence.
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Fig. S3. The mode purity and phase of the reflective vortex beam.
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