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FIG. S1: (A) Schematic of far-field focusing based on SW-PW radiation with inhomogeneous Bragg grating. (B) The local periodicity  at different positions of inhomogeneous Bragg grating to achieve SW-PW focusing. Multiple scattering modes will appear in the shadow area of inhomogeneous grating satisfying. (C) Simulated Ex field distribution of SW-PW radiation in the system depicted in A, exhibiting the multipole mode generation effect. Here, the total size (240 mm) and focal length (F=120 mm) of the inhomogeneous grating are totally same to those of the corresponding PB metasurface shown in Figure 6. And the frequency is 12 GHz. 
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[bookmark: _Hlk89906007][bookmark: _GoBack][bookmark: _Hlk91894083][bookmark: _Hlk91892598][bookmark: _Hlk91894101][bookmark: OLE_LINK4]FIG. S2: (A) Schematic of far-field radiation of a single meta-atom under the excitation of SWs, which will generate one normal mode (purple arrow) without geometric phase response and two anomalous modes (red and green arrows) carrying spin dependent geometric phase . (B) Schematic of far-field radiations of a PB gradient metasurface under the excitation of SWs. Interference of the anomalous LCP modes generated by different PB meta-atoms will lead to SW-PW directional radiation according to the equation  (noting that ). The other two kind of modes cannot provide the desired phase gradient to decouple the impinging SW to free space PW. (C, D) The simulated  field distributions of a single meta-atom and a PB metasurface (consisting of 50 meta-atoms with their orientation angles varying in a step ). (E, F) The calculated  field distributions of a single dipole and 50 discrete dipoles with spatially varied orientations () and phases (). Here, the lattice constant (a) of realistic meta-atoms and discrete dipole array is 4.8mm. The frequency is 12 GHz.
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FIG. S3: (A) Integrated radiation field power of a single PB meta-atom excited by the impinging SWs as a function of its PCR (via tuning l2). (B-D) Simulated scattered field distributions in the x-z plane for three special cases, i.e., PCR= 0.2, 0.4, 0.8. Here, the input power of SWs is 1W and the frequency is 12 GHz.





[bookmark: _Toc92323792]D. Details of the SW meta-coupler adopted in our experiments 

[image: ]FIG. S4: Schematic (A) and sample picture (C) of the adopted SW meta-coupler in our microwave experiments. (B) Schematic of a unit cell consisting of a H-shaped metallic microstructure and a PEC mirror separated by a dielectric spacer (). One super cell of the meta-coupler is composed by 5 sub cells with the arm length a varied as 1.5mm, 2.63mm, 2.80mm, 2.92mm, 3.15mm, respectively. The other parameters are fixed: p=4.8mm, w=0.3mm, g=0.3mm, d=2mm. (D) Simulated Ex distributions inside the meta-coupler illuminated by the normally incident PWs at 12 GHz. The conversion efficiency of PW-SW is about 68%.


[bookmark: _Toc92323793]E. Different spin-polarized far-field emissions of SWs
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FIG. S5: Normalized scattered far-field intensities of (C, D) LCP and (E, F) RCP as functions of radiation angle and frequency. Here, the impinging SWs are excited on the left-sided or right-sided plasmonic metal to travel through the PB metasurface (adopted in Figure 3 of the manuscript) along +x (A, C, E) or -x (B, D, F) direction  








[bookmark: _Toc92323794]F. Far-field emissions of SWs with PB metasurfaces of different phase gradients
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FIG. S6: (A) Schematic of the plasmonic meal (left) and PB metasurface (right) with a linear phase profile for SW-PW radiation. (B-D) Simulated Ex field distribution of SW-PW unidirectional emission by PB metasurfaces of different phase gradients, i.e., (corresponding to Figure 4B). It is noted that the radiation angles are in three systems, respectively. Here, the frequency is 12GHz.


[bookmark: _Toc92323795][bookmark: _Hlk92181712]G. Far-field radiations of SWs with PB metasurfaces of inhomogeneous PCRs
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FIG. S7 Simulated Ex field distributions to illustrate the unidirectional emission of SWs in two different PB metasurfaces, where the adopted PB meta-atoms possess (B) homogeneous (PCR=0.8, corresponding to Figure 5E in the main text) or (C) inhomogeneous PCR distribution as shown in (A). Here, the frequency is 12GHz.




[image: ]
FIG. S8: (A)-(C) Simulated Ex field distributions to illustrate the line focusing of SWs in three different PB metasurfaces, where the adopted PB meta-atoms possess (A, B) homogeneous or (C) inhomogeneous PCR distribution along x direction as shown in D. Here, the frequency is 12GHz.
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