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Fig. 1. Schematic diagram of super-surface structure of spiral distribution: (a) Number of segments of helix is equal to 1; (b) num-

ber of segments of helix is equal to 2.
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Fig. 2. The obtained electric field intensity and phase distribution when distance between inner and outer spirals is equal to O:

(a)=(c) o ==1;(d)=(f) o =15 (g)-(1) o =1;(j)-(1) o =1.
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Fig. 3. The obtained electric field intensity and phase distribution when distance between inner and outer spirals is equal to Agpp/2:

(a)=(c) o =—=1;(d)-(f) 0 = =1; (g)-() o =1; (j)=(1) o =1; (m)=(0) o =1.
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Generation of surface plasmon vortices based on
double-layer Archimedes spirals”
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Abstract

Surface plasmon polariton (SPP) is an electromagnetic oscillation which is produced by the interaction of
free electrons on metal surface with incident light field. Using some specific metal metasurface structures,
plasmonic vortices can be easily obtained. The SPP can well confine the light field within the interface between
metal and medium. The SPP has two excellent characteristics: the ability to break through the diffraction limit
and the strong field enhancing effect. Consequently, it has unique advantages in many applications, such as
nanoparticle trapping, near-field imaging and sensing.

The key point lies in selecting the incident light and the construction of metasurface structure when we
want to produce SPP vortices. Especially the construction of metasurface structure has great influence on the
generation of SPP vortices. So far, many structures have been proposed to produce SPP vortices. In 2015,
Byoungho Lee research group (Lee S'Y, Kim S J, Kwon H, Lee B 2015 IEEE Photonics Technol. Lett. 27 705)
designed a structure of double-ring distributed nanoslits which can produce high-order plasmonic vortices by
circularly polarized light. In addition, the use of Archimedes slit structure to generate optical vortices is
currently a more common method. More recently, a novel plasmonic vortex lens was proposed to produce SPP
vortices with arbitrary topological charges. The plasmonic vortex lens consists of an array of gold film nanoslits,
and the superposing of the SPP field excited by each nanoslit can produce a composite plasmonic vortex. Here,
we propose a novel spiral metasurface structure for generating surface plasmonic vortices. Using the
combination of theoretical analysis and finite difference time domain (FDTD) simulation, we find that the
topological charge quantity of surface plasmon vortices can be changed by adjusting five parameters, namely,
the chirality of incident circularly polarized light, the difference in radius between inner and outer nanocavity
array, the rotational velocity factor of nanocavity array, the number of segments of spiral, and the pitch of
spiral. This metasurface structure has many adjustable parameters and each parameter can influence the final
surface plasmon vortices. Therefore, the plasmonic vortices with an arbitrary topological charge quantity can be
generated and manipulated simply by using such a metasurface structure. This work can be expected to have a
very broad prospect of applications in super resolution microscopy, quantum cryptography, nanoparticle
manipulation, optical data storage, and optical communication.

Keywords: metasurface structure, surface plasmon polariton, optical vortices, topological charges

PACS: 42.25.Bs, 42.79.Dj, 73.20.Mf, 02.60.Cb DOI: 10.7498/aps.68.20190747

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11874102, 11474048).

1 Corresponding author. E-mail: dr.yang2003@uestc.edu.cn

234201-7


http://dx.doi.org/10.7498/aps.68.20190747
mailto:dr.yang2003@uestc.edu.cn
mailto:dr.yang2003@uestc.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

