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Abstract: To address the demand for polarization— and frequency—multiplexed beam control in Reconfigurable
Intelligent Surfaces(RIS), a terahertz dual-band, orthogonally polarized, programmable metasurface based on
composite unit cells is proposed. By employing an HEMT-based I-shaped dipole with polarization diversity
switching, independent control of the two frequency bands is achieved. CST simulations show 180° +20° phase—
shifting bandwidths of 36 GHz in the low—frequency band(0.190~0.226 THz) for Y—polarization and 15 GHz in the
high—frequency band(0.358~0.373 THz) for X—polarization. Within these bands, the average magnitudes are 0.44
(Y=pol, low band) and 0.53 (X—pol, high band), respectively. Using fractional, block, and convolutional coding,
Matlab—based array simulations verify continuous dual-polarized dual-beam scanning(+ 13.1° to +81°), multi—
beam reconstruction (up to four beams), and single—beam steering. Compared with conventional single—band single—
polarization reflectarrays, the proposed dual-band dual-polarization coded RIS offers significant advantages in
spectral efficiency and beam—control flexibility, providing a new technological path toward high—capacity, wide—
field—of-view, and multifunctional 6G terahertz communication systems.
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Tablel Comparison with other works

item this work reference [9] reference [10] reference [11]

o HEMT electrically controlled . L . . o
switching mode L . i Lo HEMT electronic control liquid crystal voltage regulation VO, electric field phase transition
polarization diversity switching

arizati dual polarization dual polarization single polarization dual polarization
olarization
P (X polarization, Y polarization) (X polarization, Y polarization) (X polarization) (X polarization, ¥ polarization)
dual frequency band . dual frequency band .
single frequency band single frequency band
frequency 0.190~0.226 THz ~0.400 THz
0.117~0.151 THz 1.45~1.73 THz
0.358~0.373 THz ~0.700 THz
transmission/reflection dual—
o b independent control of four beams + mode independent scanning single/dual beam scanning near—field focus(multi-focus/vortex)
scanning beam
€ continue scanning(+13°~+£81°) (transmission +70°, reflection (maximum deflection 75°) far-field beamforming(four beams/OAM)
30°~70°)

single layer planar
integration level structure, compatible bilayer structure complex stacking multilayered structure

with PCB process
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Fig.2 Dual-band orthogonal polarization multiplexing programable metasurfaces unit
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(a) X-polarized @ 0.360 THz (b) Y-polarized @ 0.210 THz
Fig.4 Field distribution(top) and surface current distribution(bottom) under X—polarization and Y-polarization incidence
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Table2 Code sequence
N, encoding periodic sequence angle of beam deflection/(°)
high-frequency band in the X-polarization direction
6.00 ...000000111111 - +13.7
3.00 +++000111--+ +28.4
2.00 +++0011-++ +45.0
1.70 ++-00100110110011011-- +57.0
1.50 =011+ +72.0
1.45 -++01101101101101001001001001001 -+ +80.0
low-frequency band in the Y-polarization direction
10.00 ++-00000000001111111111-++ +13.1
6.00 ++-000000111111-- +22.2
3.90 +++000011110000111100011110000111100001111 - +35.6
3.00 ++000111-++ +49.2
2.50 00111+ +65.3
2.30 ++-00111001100111001100011--+ +81.0
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X-polarized convolutional coding
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Fig.8 X—polarized convolutional coded beam synthesis diagram
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