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Fig. 1. Schematic of the proposed dual-CP dual-beam scan-

ning transmitarray antenna.
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Fig. 2. Phase-control mechanism of the transmissive unit cell: (a) The unrotated configuration; (b) the rotated configuration;

(c) functional schematic.
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Table 1. The Geometrical parameter values of the unit cell.
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Fig. 4. (a) Perspective view of the unit cell; (b) transmitting and receiving patches; (¢) honeycomb lattice and conventional square

lattice.
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Fig. 5. Transmission magnitude and phase of (a) LCP and
(b) RCP components as functions of the rotation angle.
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Table 2.  Structural parameters of the 12 unit cells

with their initial phase and transmission amplitude
at 20 GHz.

Initial Transmission

Element «/(°) 7/(°) R/mm phase magnitude

@i/ (%) |71/dB
1 180 80 2.0 -162.49 -0.577
2 180 80 1.9 -137.15 -0.291
3 180 100 1.9 105.60 0.279
4 0 80 2.5 —67.26 -0.165
5 0 80 2.3 -37.66 -0.168
6 0 80 2.1 3.60 0.520
7 0 80 2.0 16.46 -0.523
8 0 80 1.9 41.81 -0.266
9 0 100 1.9 73.66 0.258
10 0 110 1.9 90.52 —0.406
11 180 80 2.4 127.70 -0.103
12 180 80 2.3 143.45 -0.201
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Fig. 6. (a) Amplitude and phase characteristics of the unit-cell library under normal incidence; (b) amplitude and phase responses

under oblique incidence; (c), (d) comparison of the stability of honeycomb and square lattices under oblique incidence.
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Fig. 7. Amplitude and phase deviations of LCP/RCP components under oblique incidence relative to those under normal incidence:
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(a), (b) Transmission amplitude deviations of LCP and RCP components; (c), (d) phase deviations of LCP and RCP components.
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Fig. 9. (a) Phase distributions of the LCP and (b) RCP channels obtained through joint optimization.
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Fig. 11. Full-wave EM-

transmitarray antenna.
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B 14 BN A  (a) RS2 (b) BIUZ; (o) B 5 FE R, (d) W R 5 IEIES; (e) SMA #:3k
Fig. 14. Prototype photographs of: (a) Transmitting layer; (b) receiving layer; (c¢) complete transmitarray antenna; (d) patch feed
array; (e) SMA connectors.
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Fig. 16. Comparison of simulated and measured far-field radiation patterns at different frequencies: (a) 19.6 GHz; (b) 19.8 GHz;
(c) 20.0 GHz; (d) 20.2 GHz.
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Fig. 18. Axial ratio of the LCP/RCP beams in the main-lobe direction versus frequency.
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Table 3. Performance comparison with related works.
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Dual-circularly polarized wide-angle dual-beam scanning
transmitarray antenna excited by linear polarization®

ZHANG ChiY LYU Yunpeng ?f

1) (Portland Institute, Nanjing University of Posts and Telecommunications, Nanjing 210023, China)
2) (School of Communication and Information Engineering, Nanjing University of Posts and Telecommunications,
Nanging 210003, China)

( Received 21 February 2026; revised manuscript received 23 March 2026 )

Abstract

To overcome the limited scan range of existing beam-scanning antennas and the dependence of circularly
polarized scanning schemes on circularly polarized feeds, a dual-circularly polarized wide-angle dual-beam
scanning transmitarray antenna excited by linear polarization is proposed. The transmitarray is constructed
from spin-decoupled regular-hexagonal receiver-transmitter unit cells arranged in a honeycomb lattice. This
lattice supports denser element packing than a conventional square lattice and helps maintain good angular
stability under oblique incidence. Under linearly polarized excitation, the unit cells independently tailor the
phases of the left- and right-handed circularly polarized (LCP and RCP) transmitted waves, allowing two
orthogonal circularly polarized beams to be generated and steered independently within a single aperture. Beam
scanning is realized by changing the feed position, and a coordinate-ascent-based phase compensation strategy is
further developed to jointly synthesize the phase distributions required for different feed positions, yielding a
complete transmitarray design procedure. The LCP and RCP target phases are then mapped to the initial
phase and the rotation angle of each unit cell, enabling decoupled control of the two circularly polarized beams.
Simulated and measured results show that, around
20 GHz, the proposed antenna achieves LCP beam
scanning from —-55° to 0° and RCP beam scanning from
0° to 55°, corresponding to an overall scanning range of
110°. Within this range, the measured scan loss is
below 3.2 dB, the maximum realized gain reaches
20.3 dBic, the sidelobe levels remain below —11.5 dB,
and the peak aperture efficiency is 37%. In addition,
for all feed excitations, the axial ratios of both beams

in their main-beam directions remain below 3 dB from
19 to 21 GHz, confirming good circular-polarization
purity throughout the scanning process. The proposed

design provides a low-profile and low-complexity

solution for wide-angle dual-circularly polarized beam #1 J #2 O #3 A4 #S | L
scanning and is promising for satellite communications, e = = =

target tracking, and polarization-robust wireless links.
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