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Fig. 1. Structure diagram of metamaterial terahertz liquid
crystal phase shifter: (a) Periodic three-dimensional struc-
ture; (b) unit three-dimensional structure; top view of up-

per (¢) and lower (d) unit structure.
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Fig. 2. The alignment direction of liquid crystal molecules:
(a) V = 0, the liquid crystal particles are not deflected;
(b) V = Vj, the liquid crystal particles are completely de-
flected.
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Table 1. Material performance parameters of HFUT-
HBOL1 liquid crystal.
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Fig. 3. Schematic diagram of the deflection of liquid crystal

molecules.
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Fig. 4. Terahertz wave transmission curve and insertion loss

of the terahertz phase shifter when V=0 and V= V.
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Fig. 5. Phase shift curve (a) and transmission coefficient (b)
of the terahertz phase shifter in the working frequency
range of 1.731-1.740 THz.
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Fig. 6. Phase shift curve (a) and transmission coefficient (b) of the terahertz phase shifter in the working frequency.
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Fig. 7. Electric field energy distribution diagram of the three-tier structure at 1.7315 THz. Lower metal layer: (a) V =0, (b) V =
Vip; liquid crystal layer: (¢) V=0, (d) V = Vj;,; upper metal layer: () V=0, (f) V = V.
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Table 2.  Comparison of main performance parameters of phase shifters.

SCHR 7/dB A/ (°) TAEBRf 9 /GHz HR /(%) F,
AL 0.30 352.625 1.7396 THz 8.1 352 1175.40
[11] — 70.000 1.000 THz — 70 —
[13] — 306.00 124.5 GHz 4.5 300 —
[14] 3.09 180.00 0.400 THz — 180 58.25
[22] 5.50 387.00 25.00 GHz 10.0 — 70.36
[15] 2.00 355.37 0.736 THz 22.0 350 175.00
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Abstract

In order to solve the problems of large, uncontrollable insertion loss and small phase shift of the existing
terahertz phase shifters, in this work a kind of terahertz phase shifter realized by a simple metamaterial
composite structure is designed. The device is composed of four layers in structure, they from top to bottom,
being an L-shaped metal resonance layer, a liquid crystal layer, a bow-shaped metal layer, and a quartz
substrate layer. By applying a bias voltage to the upper metal layer and the lower metal layer, the deflection
angle a of the director of liquid crystal molecules in the liquid crystal cell is changed, so that the effective
refractive index of the liquid crystal changes, and the phase of the device also changes accordingly, thereby
achieving the purpose of dynamic phase control. The performances of the upper metal layer, the lower metal
layer and liquid crystal layer are optimized and compared with each other. The performance characteristics of
the phase shifter under different values of deflection angle o and different values of incident angle 6 are
analyzed by frequency domain finite integration method. Through the simulation optimization and comparison
of the size of the upper and lower metal layers and the thickness of the liquid crystal layer, the optimum is
obtained. The simulation results show that the transmittance of the terahertz liquid crystal phase shifter can
reach 0.968 in a frequency between 1.68—-1.78 THz, and the insertion loss can be as low as 0.3 dB. When the
frequency is 1.7396 THz, the maximum phase shift of the terahertz phase shifter is 352.625°. The phase shift
exceeds 352° in a frequency range of 1.7315-1.7396 THz (Bandwidth is 8.1 GHz). This simple metamaterial
multilayer structure provides a new method of controlling terahertz waves, and has broad application prospects

in terahertz imaging, sensing and other fields.

Keywords: terahertz, metamaterials, liquid crystal phase shifters, dynamic control

PACS: 87.50.U-, 61.30.—v, 81.05.Xj, 42.25.Bs DOI: 10.7498 /aps.71.20212400

* Project supported by the National Natural Science Foundation of China (Grant No. 61571237) and the Natural Science
Foundation of the Jiangsu Province, China (Grant No. BK20151509).

1 Corresponding author. E-mail: chhm@njupt.edu.cn

178701-9


http://doi.org/10.7498/aps.71.20212400
http://doi.org/10.7498/aps.71.20212400
mailto:chhm@njupt.edu.cn
mailto:chhm@njupt.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

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

T E A SR 2GR RS
MR A

Terahertz liquid crystal phase shifter based on metamaterial composite structure
Chen Wen-Bo  Chen He-Ming

515 &, Citation: Acta Physica Sinica, 71, 178701 (2022) DOI: 10.7498/aps.71.20212400
TEZE RT3 View online: https:/doi.org/10.7498/aps.71.20212400
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

HASRE LS R T A 5 A A R 2% R AT

Terahertz phase shifter based on phase change material-metasurface composite structure

WIFAEA. 2021, 70(7): 074201 https://doi.org/10.7498/aps.70.20201495

BT SRR AR AL AR R 2% IR 22 DI R S A5 TR
Dynamic multifunctional control of terahertz heam based on graphene coding metamaterial

PrPReEd. 2018, 67(11): 118102 https:/doi.org/10.7498/aps.67.20180125

BT RUIT 11 453 J R B A 2% B A R A% e

Double—opening metal ring based terahertz metamaterial absorber sensor

PyFEEEAR. 2022, 71(10): 108701 https:/doi.org/10.7498/aps.71.20212303

KL AR S 2ROt

Research progress of terahertz liquid crystal materials and devices

PPz 2019, 68(8): 084205  https://doi.org/10.7498/aps.68.20182275

TSR RE S HE A 2% A W) A A SRS AR B IS J

Research progress of metamaterials powered advanced terahertz biochemical sensing detection techniques

YrH2E . 2021, 70(24): 247802  https://doi.org/10.7498/aps.70.20211752

R PR A SR L SRR A Ak AR 2% 4 W A
Terahertz wave absorption for alkyleyclohexyl-isothiocyanatobenzene liquid crystal materials

YrHE2E 4. 2019, 68(11): 116102  https:/doi.org/10.7498/aps.68.20190209


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20212400
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20201495
https://doi.org/10.7498/aps.67.20180125
https://doi.org/10.7498/aps.71.20212303
https://doi.org/10.7498/aps.68.20182275
https://doi.org/10.7498/aps.70.20211752
https://doi.org/10.7498/aps.68.20190209

