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Fig. 1. The work schematic diagram of the offset-fed vortex

wave generator, where the specific structure of the metasur-

face unit is also displayed.
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Fig. 2. The reflection spectra for the meta-atom with differ-
ent orientation angles under CP wave excitations: (a) Co-

polarization; (b) corss-polarization.
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Fig. 3. The design process of metasurface phase including the vortex phase, the offset feed compensation phase, the convergence

compensation phase, and the final metasurface phase.

198401-3


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 19 (2021)

198401

(a) FARAG(R) —>
# AURA(L)F - - >
J;,’* TR R) IS >

(b)

4 TURREE AL TR 3 B AR A IR
(d) Jah i F2 4 Ak 3 52 AR Ak

(d)

€@

(a) W B 28 SIARAL BN A AR AL (b) WOl 89 EALT] ERAL; (c) Boih B9 38 A 2 AL ;

Fig. 4. Path description of field for the four transformation processes: (a) Excited cross polarization to cross polarization; (b) ex-

cited main polarization to main polarization; (c) excited cross polarization to main polarization; (d) excited main polarization to

cross polarization.
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Fig. 5. The sampling field for three specific cases (the observation plane at z = 150 mm, and the size 100 mm x 100 mm): (a) Off-
set reflector with convergence term; (b) offset reflector without convergence term; (¢) forward reflector with convergence term.
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Fig. 6. The photograph of the specific generator and the fabricated metasurface: (a) The front view of the metasurface; (b) the back

view of the metasurface; (c) the offset-fed vortex wave generator; (d) the measurement scene in anechoic chamber.
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Abstract

Orbital angular momentum, as a basic physical quantity of electromagnetic waves, has been widely studied
since 1992. Recently, the geometric phase metasurface, which is also known as Pancharatnam-Berry (P-B)
phase metasurface, has been proposed. Because of its frequency-independent and angle-dependent phase control
characteristics, it can generate high-performance and broadband vortex wave. However, the current design of
reflective metasurface encounters the following problems: 1) the reflected vortex wave is partly blocked by the
feeding antenna; 2) in practical applications, the cross-polarized field will inevitably be induced due to the feed
antenna and the reflective metasurface. How to avoid the cross-polarization is still worth further investigating.
In this work, an offset-fed vortex wave generator is proposed. It consists of a right-handed circularly polarized
Archimedes spiral antenna and a reflective metasurface. Firstly, the offset feeding design is introduced to avoid
generating the cross-polarized fields caused by the feeding antenna. A geometric meta-atom of the reflective
metasurface is designed at a working frequency of 8.5 GHz. By regularly arranging meta-atoms with different
orientation angles, the convergence and phase compensation functions are imparted only to the co-polarization
field. The cross-polarized field is intentionally weakened and refracted along other directions. Subsequently, a
low cross-polarized vortex wave with an enhancement effect is obtained at the desired observation position.
There are three contributions made in this work: 1) a P-B meta-atom is proposed to fabricate the reflective
metasurface; 2) the conversion relationship between the co-polarized and cross-polarized field is studied from the
initial state to the final state, and the four transformation processes are demonstrated in detail; 3) an offset-fed
vortex wave generator is established which allows one to generate high-performance vortex beam with arbitrary
OAM mode. The experimental results are in good agreement with those simulation results, proving the
proposed method effective and feasible. The proposed design shows its advantages including simple structure,
polarization selectivity, and regional field enhancement effect, which has great potential applications in vortex

wave communication and OAM-based target detection.
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