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Metasurfaces, i.c., arrays of nanoantennas with size smaller than the free-space wavelength of light, have emerged
as a promising paradigm to fully control light’s properties on a subwavelength scale. Especially, “geometric
metasurfaces” [1] consisting of nanoantennas with identical geometry, provide the opportunity to manipulate the
phase and polarization of light by engineering the space-dependent orientation angles of the nanoantennas. Here,
we present the generation of a high-order vector beam via a plasmonic metasurface and demonstrate its application
in the characterization of polarization rotation with high dynamic range and precision (down to ~102 degrees) [2].

The nanoantennas constituting the plasmonic metasurface (Fig. 1 (a)) were arranged with an azimuthally-
dependent rotation angle a(¢) = (£¢)/2 (£ = 30) to add a e¥®% phase term to the wavefront of an incident
right- or left-handed circularly polarized beam through its conversion into a beam of opposite handedness. For the
case of linear polarization, corresponding to the superposition of two circularly polarized beams with opposite
handedness, the metasurface generated a vector beam with azimuthally dependent polarization distribution (Fig.
1 (b)) and a donut-shaped intensity profile (top image of Fig. 1 (c)). The intensity profile resulted in 2¢ = 60
lobes after propagating through a linear polarizer (bottom image of Fig. 1 (c)). As the input linear polarization of
the incident beam was rotated, a relative phase difference arose between the two circular polarization components,
which in turn caused the rotation of the overall multi-lobed intensity profile. Therefore, by tracking the
displacement of only two of these lobes on a camera, the rotation of the input polarization state could be retrieved
with high precision. As a proof-of-principle, we demonstrated the capability of sensing rotation angles in the range
of -45° to 45° with a sensitivity down to ~1072 degrees (Fig. 1 (d)).
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Figure 1. (a) SEM image of the fabricated metasurface. (b) Polarization profile of the generated high-order vector
beam. (c) Recorded intensity profiles of the vector beam before (top) and after (bottom) passing through a linear
polarizer, respectively. (d) Measured polarization rotation angles, ranging from 0.04° to 0.44° with steps of 0.04°.
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