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Abstract

Conventional optical fiber has excellent performance in guiding light and has been widely employed
for long-distance optical communication. Although the optical fiber is efficient for transmitting light,
its functionality is limited by the dielectric properties of the core’s and cladding’s materials (e.g., ger-
manium-doped silicon and silica glasses). Metafibers, by integrating metasurface at the optical fiber tip,
are emerging as significant optical coupling platforms for nanophotonics and fiber-optic communities.
To enhance the control over spin electromagnetic waves, here we have designed a metasurface that
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can be directly integrated into the end face of an optical fiber. Under the illumination of incident light
with a wavelength of 1550 nm, polarization-independent bifocal focusing can be achieved with a focal
length of 10 pm. Meanwhile, by changing the refractive index of the medium surrounding the metasur-
face, the continuous zoom function can also be realized, making it possible to continuously modulate
the spatial light field. With the improvement of communication capabilities, the metafiber with inde-
pendent manipulation of multi-spin beams can find practical applications in multi-target detection ra-
dar systems and multi-target multiple-input multiple-output (MIMO) communication.
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Figure 2. Schematic diagrams of unit structure design, transmittance and phase: (a) Structure diagram of metasurface
unit; (b) Variations of phase and transmittance with the diameter of nanorods
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Figure 3. Electric-field intensity distributions for the polarization-independent metasurface that can generate transversely dis-
tributed two focal points: (a1), (b1), (c1) are the corresponding electric-field intensity distributions at the x-y plane (z = 10 um)
for the incidence of LP, LCP and RCP waves, respectively; (az), (b2), (c2) are the corresponding normalized electric-field
intensity distributions at line y = 0 for the incidence of LP, LCP and RCP waves, respectively; (as), (bs), (c3) are the corre-
sponding electric-field intensity distributions at the x-z plane for the incidence of LP, LCP and RCP waves, respectively; (as),
(ba), (ca) are the corresponding normalized electric-field intensity distributions at line x = =5 um for the incidence of LP, LCP
and RCP waves, respectively
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Figure 4. Simulation results of the electric field intensity distribution of the varifocal metasurface based on polarization-
independent bifocal focusing: (a1)~(as) are the electric field intensity distributions when left-handed circularly polarized (LCP)
light is incident with the refractive index around the metasurface being 1.1, 1.2, and 1.3, respectively; (b1)~(bs) are the electric
field intensity distributions when linearly polarized (LP) light is incident with the refractive index around the metasurface
being 1.1, 1.2, and 1.3, respectively; (c1)~(cs) are the electric field intensity distributions when right-handed circularly polarized
(RCP) light is incident with the refractive index around the metasurface being 1.1, 1.2, and 1.3, respectively
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