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Table 1. Definitions of the performance parameters

used in this paper.
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Fig. 1.  (color online) Schematic diagrams of the single composite helical metamaterials: (a) Three-

dimensional (3D) view; (b) side view; (c) top view.
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lixes with different initial angles: (a) # = 0°; (b) 0 =
90°; (c) 6 = 180°; (d) 6 = 270°.
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Fig. 3.

(color online) The circular polarized conversion and the phase shift of the helixes with different

initial angles in the ranges 1.0-1.4 pm: (a), (b) The transmitted RCP light with the LCP light incidence;
(c), (d) the transmitted LCP light with the RCP light incidence.
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(color online) The transmittance and reflectance spectra for both circular polarized lights and the

surface current density of L-R helix: (a) Transmittance spectra for both circular polarized lights; (b) re-

flectance spectra for both circular polarized lights; (c) the surface current with RCP light incidence; (d) the

surface current with LCP light incidence.
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Table 2. The anomalous refraction angles measured in the

simulation and derived by the generalized Snell’s law.
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Fig. 7. (color online) The phase distribution of the electrical field in the anomalous refraction: (a), (b),

and (c¢) LCP transmitted waves with the RCP wave excitations whose wavelengths are 1, 1.2, and 1.4 ym,

respectively.
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Abstract

Metamaterials or metasurfaces have been widely studied to manipulate the propagation of light by controlling
the wavefront. In previous work, more and more structures were designed to study the reflected or the transmitted
light. However, as far as we know, it is rarely reported how to efficiency tailor the wavefront, especially for transmitted
light. Helical metamaterial, which has a relatively strong coupling effect among the helical nanowires, may provide an
alternative to the wavefront control. In this study, a kind of complementary helical metamaterial with a left-handedness
and a right-handedness helixes coupled to each other is proposed. The complementary helical metamaterial has a strong
circular conversion dichroism, and it is expected to be a good candidate for generating phase shift and controlling
wavefront with high efficiency. Using the finite-difference time-domain method, we find that this kind of helix has a high
circular polarization conversion in a broadband, which often implies a high efficiency of the transmitted light. Moreover,
it is also found that the structure will introduce a controllable phase shift (¢) between the incident and the transmitted
light whose polarizations are orthogonal to each other. By calculating the surface current density of the helix, the
performance of high circular polarization conversion is explained. Meanwhile, we also find that the phase shift has a
linear relationship with the initial angle of the helix (6), which is ¢ = +260. This relationship can be explained exactly by
Jones calculus. According to the generalized Snell’s law, the refracted beam can have an arbitrary direction by designing
a suitable constant gradient of phase discontinuity. And then, by arranging 12 helixes in an array with a constant phase
gradient along the X-axis, the phenomenon of anomalous refraction with a high efficiency (64%) is observed in the near
infrared range (1.0-1.4 pm). The angle of the anomalous refraction is in good agreement with the theoretical value.
Compared with the metasurface, the helical metamaterial has a relatively complex structure. But with the development
of the nanotechnology, there are several methods that can complete the propagations of nano helical structures, such
as the direct laser writing, the glancing angle deposition, and the molecular self-assembly techniques. And by carefully
designing the structure parameters of the helix, this kind of complementary helical metamaterial is expected to be an

ideal candidate not only for traditional optics but also for biological detection and medical science.
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