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Fig. 1. Lattice of the TTPC: (a) Top layer; (b) back layer.
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Fig. 2. Transmission characteristics for X-polarized excita-

tion: (a) Co- and cross-polarized transmittance; (b) PCR.
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Fig. 3. Polarization state transformation under X-polarized
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city angle x .
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Fig. 4. Surface current distribution at three resonant fre-
quency: (a) 0.6 THz; (b) 1.09 THz; (c) 1.66 THz.
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Fig. 6. Schematic of the THz-TDS measurement system.
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Fig. 7. Measured transmission characteristics for X-polar-
ized excitation: (a) Co- and cross-polarized transmittance;
(b) PCR.
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Fig. 8. Measured insertion loss for X-polarized excitation.

2 1 I 1R T 19 R 2% 33 i =X I e 4
(TTPC) 5 3CHk H iy i 38 10 J P e e 2 11647 T %
He. AR, 5RO WA M i Hads AH H, A<
TR SRS TTPC SEB T B 98 i TAEH 9.
& Grady &5 9 I8 T 9 m AT 98 (111%), {5
OB Z A6 JEC 25 40 1 25 A3 I 1 S5 IR RE (0.0710)
AU T &2 2k, MA SCE TR RS TTPC R A
0.053\. X L SCHR [21] Hal M m PRt as, mORIE
FEAL 0.045X, {HRZ 3B 56 HA 85.1%, I HAmR
B4R 99% HURDT HAUE, WA L sk, X L
3B A SCHR [19-25]) &8, RSO R IR e 2%
TTPC SEMH L 92% 1) P i # 3 F 108% A AH
X g, P A OCGE R, R, BTty TTPC
(E T i P A R 30 230 6 Ty T ) e 0 O Y
PERE.

030403-5


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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol.

75, No. 3 (2026) 030403

#1
Table 1.

tion converter in this paper with that reported in the liter-

ARSCE SRR AT Y I S e PR RE HL AR

Comparison of the performance of the polariza-

ature.
SCHik P h OB/THz FB/% PCR/%
[19]  0.178X 0.071A 0.52—1.82 111 Not given
[20]  0.576\ Not given 0.91—1.45 45.8 90({jH)
[21]  0.18\ 0.045\ 0.54—1.34 85.1 99 ({liH)
[22]  0.183X 0.055A 0.55—1.37 85.4 >99(fjH)
[25]  0.365A 0.058\ 2.19—2.47 12 90({iH)

Our work 0.177A  0.053\ 0.53—1.77 108 >92(ill &)

e PRIRIREE i AR KB RAFEIRIERE; OB A#RYEr 9L,
FBI MG AR

ARSCBET T — B AT 518 G P R RN 4
BRI AR 2538 S SRR M PR e et [ B 5 5050
LRI R, ZAHAAE 0.53—1.77 THz A9 TAFH 5
(FHXTHPFE: 108%) YRR, IRPRFEARSCRET 92%.
T 3 RN [ e T L AL AT, BB T S B e AR e
B B P FRAL ] BT 3 AR R PR A X
Z I RER. 45 A MRS T (IR IRIRIE:
ARG O AR 031D S — 2P B0 T TTPC S84 &
R R e . RS AR ARURE, 1%
TR Ats e TAEIEB N, ThORFE T 5 8 i i 2l
JEFNSE PR AN, BEAN, %5 B =Cm PR 4 ok
FHTRT B BUZ & B 4544, 55 T T IF 4 B3 Kbk
2B R RS b, B b2 Y SR A
PR

Sk

[1] Seo M, Park H R 2020 Adv. Opt. Mater. 8 1900662
2] Kang Y Q, Xi H'Y, Meng T H, Lin Q W, Dong L J 2022

[15]
[16]
17]
18]
[19]
[20]
21]
[22]
23]

[24]

030403-6

Results Phys. 37 105514

Jin J S, Ma C J, Zhang Y, Zhang Y B, Bao S Q, Li M, Li D
M, Liu M, Liu Q Z, Zhang Y X, 2023 Acta Phys. Sin. 72
084202 (in Chinese) [G#&TF, Dk, skee, wREOR, H+HAT, 2=
WK, Z27RBA, X, XIPERS, SRIGTK 2023 Y3EF4f 72 084202
Tonouchi M 2007 Nat. Photonics 1 97

Yang X W, Zhao F 2022 Acta Opt. Sin. 42 0806002 (in
Chinese) [MlfEff, B804 2022 SE2£243)7 42 0806002]

Wang Y Y, LiHB, Wang ZL, WuL M, Ge M L, Xu D G,
Chen T N, Feng H, Yao J Q 2022 Acta Opt. Sin. 42 1017001
(in Chinese) [F 54, 20HE, T, sNant, B2, HRAERI,
WRPEIFE, A ke 2022 JEaEEAR 42 1017001]

Shen Y C, Lo T, Taday P F, Cole B E, Tribe W R, Kemp M
C 2005 Appl. Phys. Lett. 86 241116

M, Tabata H, Kawai T 2025 International
Quantum Electronics Conference San Jose, CA, USA, July
11, 2005 p1240

Xue K, Li Q, Li Y D, Wang Q 2012 Opt. Lett. 37 3228

Wang H, Ling F, Zhang B 2020 Opt. Ezpress 28 36316

Cai H 2018 Adv. Opt. Mater. 6 1800257

Zhu HL, Zhang Y, Ye LF, Li Y K, Xu Y H, Xu R 2020 Opt.
Express 28 414039

Tao Z, Wan X, Pan B C, Cui T J 2017 Appl. Phys. Lett. 110
121901

Zhang X G, Hu Q C, Li Y, Huang Z X, Xu L, Quan Y, Zhu
Q, Wang B Y, Chen X X, Cui T J, Jiang W X 2024
Photonics Res. 122660

Gao C Y, Kang Y Q, Meng T H, Zhao G Z, Hu H J 2025
Phys. Scr. 100 075563

Gu S Y, Wang C, Gao Z Y, Gao L, Drolgar, Gao F, Wang S
J, Xu'Y D 2025 Chin. Phys. Lett. 42 090401

Zhang G Z, Zhou M M, Xiang H, Han D Z 2025 Chin. Phys.
B 34 084201

Chen Y, Cao W H, Li J Q, Zhang M Z, Du X Y, Gao D S, Li
P L 2025 Chin. Phys. B 34 044205

Grady N K, Heyes J E, Roy D, Yong Z, Reiten M T, Azad A
K 2013 Science 340 1304

Liu W W, Chen S Q, Li Z C, Cheng H, Yu P, Li J X 2015
Opt. Lett. 40 3185

Zhou Q G, Li Y, Zhen Y Z, Yao N J, Huang Z M 2023 Chin.
Phys. B 32 024201

Jing X F, Gui X C, Zhou P W, Hong Z 2018 J. Lightwave
Technol. 36 2322

Yang J N, Zhang Y T, Tang M C, Huang Y J, Xie X 2023 J.
Appl. Phys. 133 083101

Al-Naib I A I, Jansen C, Born N, Koch M 2011 Appl. Phys.
Lett. 98 091107

Cheng Z Z, Cheng Y Z 2019 Opt. Commun. 435 178

Herrmann


https://doi.org/10.1002/adom.201900662
https://doi.org/10.1002/adom.201900662
https://doi.org/10.1002/adom.201900662
https://doi.org/10.1002/adom.201900662
https://doi.org/10.1002/adom.201900662
https://doi.org/10.1002/adom.201900662
https://doi.org/10.1002/adom.201900662
https://doi.org/10.1016/j.rinp.2022.105514
https://doi.org/10.1016/j.rinp.2022.105514
https://doi.org/10.1016/j.rinp.2022.105514
https://doi.org/10.1016/j.rinp.2022.105514
https://doi.org/10.1016/j.rinp.2022.105514
https://doi.org/10.1016/j.rinp.2022.105514
https://doi.org/10.7498/aps.72.20222336
https://doi.org/10.7498/aps.72.20222336
https://doi.org/10.7498/aps.72.20222336
https://doi.org/10.7498/aps.72.20222336
https://doi.org/10.7498/aps.72.20222336
https://doi.org/10.7498/aps.72.20222336
https://doi.org/10.7498/aps.72.20222336
https://doi.org/10.7498/aps.72.20222336
https://doi.org/10.7498/aps.72.20222336
https://doi.org/10.7498/aps.72.20222336
https://doi.org/10.7498/aps.72.20222336
https://doi.org/10.7498/aps.72.20222336
https://doi.org/10.7498/aps.72.20222336
https://doi.org/10.7498/aps.72.20222336
https://doi.org/10.1038/nphoton.2007.3
https://doi.org/10.1038/nphoton.2007.3
https://doi.org/10.1038/nphoton.2007.3
https://doi.org/10.1038/nphoton.2007.3
https://doi.org/10.1038/nphoton.2007.3
https://doi.org/10.1038/nphoton.2007.3
https://doi.org/10.1038/nphoton.2007.3
https://doi.org/10.3788/AOS202242.0806002
https://doi.org/10.3788/AOS202242.0806002
https://doi.org/10.3788/AOS202242.0806002
https://doi.org/10.3788/AOS202242.0806002
https://doi.org/10.3788/AOS202242.0806002
https://doi.org/10.3788/AOS202242.0806002
https://doi.org/10.3788/AOS202242.0806002
https://doi.org/10.3788/AOS202242.0806002
https://doi.org/10.3788/AOS202242.0806002
https://doi.org/10.3788/AOS202242.0806002
https://doi.org/10.3788/AOS202242.0806002
https://doi.org/10.3788/AOS202242.0806002
https://doi.org/10.3788/AOS202242.0806002
https://doi.org/10.3788/AOS202242.0806002
https://doi.org/10.3788/AOS202242.0806002
https://doi.org/10.3788/AOS202242.1017001
https://doi.org/10.3788/AOS202242.1017001
https://doi.org/10.3788/AOS202242.1017001
https://doi.org/10.3788/AOS202242.1017001
https://doi.org/10.3788/AOS202242.1017001
https://doi.org/10.3788/AOS202242.1017001
https://doi.org/10.3788/AOS202242.1017001
https://doi.org/10.3788/AOS202242.1017001
https://doi.org/10.3788/AOS202242.1017001
https://doi.org/10.3788/AOS202242.1017001
https://doi.org/10.3788/AOS202242.1017001
https://doi.org/10.3788/AOS202242.1017001
https://doi.org/10.3788/AOS202242.1017001
https://doi.org/10.3788/AOS202242.1017001
https://doi.org/10.1063/1.1946192
https://doi.org/10.1063/1.1946192
https://doi.org/10.1063/1.1946192
https://doi.org/10.1063/1.1946192
https://doi.org/10.1063/1.1946192
https://doi.org/10.1063/1.1946192
https://doi.org/10.1063/1.1946192
https://ieeexplore.ieee.org/document/1561064/
https://ieeexplore.ieee.org/document/1561064/
https://ieeexplore.ieee.org/document/1561064/
https://ieeexplore.ieee.org/document/1561064/
https://ieeexplore.ieee.org/document/1561064/
https://ieeexplore.ieee.org/document/1561064/
https://ieeexplore.ieee.org/document/1561064/
https://doi.org/10.1364/OL.37.003228
https://doi.org/10.1364/OL.37.003228
https://doi.org/10.1364/OL.37.003228
https://doi.org/10.1364/OL.37.003228
https://doi.org/10.1364/OL.37.003228
https://doi.org/10.1364/OL.37.003228
https://doi.org/10.1364/OL.37.003228
https://doi.org/10.1364/OE.405885
https://doi.org/10.1364/OE.405885
https://doi.org/10.1364/OE.405885
https://doi.org/10.1364/OE.405885
https://doi.org/10.1364/OE.405885
https://doi.org/10.1364/OE.405885
https://doi.org/10.1364/OE.405885
https://doi.org/10.1002/adom.201800257
https://doi.org/10.1002/adom.201800257
https://doi.org/10.1002/adom.201800257
https://doi.org/10.1002/adom.201800257
https://doi.org/10.1002/adom.201800257
https://doi.org/10.1002/adom.201800257
https://doi.org/10.1002/adom.201800257
https://doi.org/10.1364/OE.414039
https://doi.org/10.1364/OE.414039
https://doi.org/10.1364/OE.414039
https://doi.org/10.1364/OE.414039
https://doi.org/10.1364/OE.414039
https://doi.org/10.1364/OE.414039
https://doi.org/10.1364/OE.414039
https://doi.org/10.1364/OE.414039
https://doi.org/10.1063/1.4979033
https://doi.org/10.1063/1.4979033
https://doi.org/10.1063/1.4979033
https://doi.org/10.1063/1.4979033
https://doi.org/10.1063/1.4979033
https://doi.org/10.1063/1.4979033
https://doi.org/10.1364/PRJ.537749
https://doi.org/10.1364/PRJ.537749
https://doi.org/10.1364/PRJ.537749
https://doi.org/10.1364/PRJ.537749
https://doi.org/10.1364/PRJ.537749
https://doi.org/10.1088/1402-4896/adeb0b
https://doi.org/10.1088/1402-4896/adeb0b
https://doi.org/10.1088/1402-4896/adeb0b
https://doi.org/10.1088/1402-4896/adeb0b
https://doi.org/10.1088/1402-4896/adeb0b
https://doi.org/10.1088/1402-4896/adeb0b
https://doi.org/10.1088/0256-307X/42/9/090401
https://doi.org/10.1088/0256-307X/42/9/090401
https://doi.org/10.1088/0256-307X/42/9/090401
https://doi.org/10.1088/0256-307X/42/9/090401
https://doi.org/10.1088/0256-307X/42/9/090401
https://doi.org/10.1088/0256-307X/42/9/090401
https://doi.org/10.1088/0256-307X/42/9/090401
https://doi.org/10.1088/1674-1056/add1bb
https://doi.org/10.1088/1674-1056/add1bb
https://doi.org/10.1088/1674-1056/add1bb
https://doi.org/10.1088/1674-1056/add1bb
https://doi.org/10.1088/1674-1056/add1bb
https://doi.org/10.1088/1674-1056/add1bb
https://doi.org/10.1088/1674-1056/add1bb
https://doi.org/10.1088/1674-1056/add1bb
https://doi.org/10.1088/1674-1056/adad55
https://doi.org/10.1088/1674-1056/adad55
https://doi.org/10.1088/1674-1056/adad55
https://doi.org/10.1088/1674-1056/adad55
https://doi.org/10.1088/1674-1056/adad55
https://doi.org/10.1088/1674-1056/adad55
https://doi.org/10.1088/1674-1056/adad55
https://doi.org/10.1126/science.1235399
https://doi.org/10.1126/science.1235399
https://doi.org/10.1126/science.1235399
https://doi.org/10.1126/science.1235399
https://doi.org/10.1126/science.1235399
https://doi.org/10.1126/science.1235399
https://doi.org/10.1126/science.1235399
https://doi.org/10.1364/OL.40.003185
https://doi.org/10.1364/OL.40.003185
https://doi.org/10.1364/OL.40.003185
https://doi.org/10.1364/OL.40.003185
https://doi.org/10.1364/OL.40.003185
https://doi.org/10.1364/OL.40.003185
https://doi.org/10.1088/1674-1056/ac6db7
https://doi.org/10.1088/1674-1056/ac6db7
https://doi.org/10.1088/1674-1056/ac6db7
https://doi.org/10.1088/1674-1056/ac6db7
https://doi.org/10.1088/1674-1056/ac6db7
https://doi.org/10.1088/1674-1056/ac6db7
https://doi.org/10.1088/1674-1056/ac6db7
https://doi.org/10.1088/1674-1056/ac6db7
https://doi.org/10.1109/JLT.2018.2808339
https://doi.org/10.1109/JLT.2018.2808339
https://doi.org/10.1109/JLT.2018.2808339
https://doi.org/10.1109/JLT.2018.2808339
https://doi.org/10.1109/JLT.2018.2808339
https://doi.org/10.1109/JLT.2018.2808339
https://doi.org/10.1109/JLT.2018.2808339
https://doi.org/10.1109/JLT.2018.2808339
https://doi.org/10.1063/5.0134540
https://doi.org/10.1063/5.0134540
https://doi.org/10.1063/5.0134540
https://doi.org/10.1063/5.0134540
https://doi.org/10.1063/5.0134540
https://doi.org/10.1063/5.0134540
https://doi.org/10.1063/5.0134540
https://doi.org/10.1063/5.0134540
https://doi.org/10.1063/1.3562372
https://doi.org/10.1063/1.3562372
https://doi.org/10.1063/1.3562372
https://doi.org/10.1063/1.3562372
https://doi.org/10.1063/1.3562372
https://doi.org/10.1063/1.3562372
https://doi.org/10.1063/1.3562372
https://doi.org/10.1063/1.3562372
https://doi.org/10.1016/j.optcom.2018.11.038
https://doi.org/10.1016/j.optcom.2018.11.038
https://doi.org/10.1016/j.optcom.2018.11.038
https://doi.org/10.1016/j.optcom.2018.11.038
https://doi.org/10.1016/j.optcom.2018.11.038
https://doi.org/10.1016/j.optcom.2018.11.038
https://doi.org/10.1016/j.optcom.2018.11.038
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 75, No. 3 (2026) 030403

A broadband high-performance terahertz transmissive linear
polarization converter using anisotropic metamaterials”

KANG Yongqgiang? MENG Tianhua HAO Jixuan?  TIAN Jiangkun?
ZHAO Guozhong?? LIN Qiaowen ! HU Huijie?

1) (Shanzi Province Key laboratory of Microstructure Electromagnetic Functional Materials,
Shanzi Datong University, Datong 037009, China)
2) (Key Laboratory of THz Optoelectronics, Ministry of Education, Department of Physics,
Capital Normal University, Beijing 100048, China)
3) (Beijing Aerospace Institute for Metrology and Measurement Technology, Beijing 100076, China)

( Received 19 September 2025; revised manuscript received 28 October 2025 )

Abstract

Terahertz (THz) polarization converters are essential components for advancing THz applications in
imaging, sensing, and high-speed communications. However, achieving both broad bandwidth and high
conversion efficiency remains a significant challenge. In this work, we propose, fabricate, and experimentally
validate a transmissive linear polarization converter (TTPC) operating in the terahertz band by utilizing a
bilayer metallic metamaterial structure. The device consists of a top-layer metasurface with a square patch and
split-ring resonator and a bottom-layer metallic grating, separated by a polyimide substrate. Through full-wave
electromagnetic simulations and surface current analysis, we reveal that the high-performance broadband
polarization conversion arises from the synergistic interaction among three distinct resonance modes. Stokes
parameter analysis further confirms that the polarization rotation angle remains stable at approximately 90°,
with near-linear output across the operational band. Experimental characterization using a terahertz time-
domain spectroscopy (THz-TDS) system demonstrates that the device achieves a polarization conversion ratio
(PCR) exceeding 92% over a broad frequency range of 0.53-1.77 THz, corresponding to a relative bandwidth of
108%. The measured insertion loss varies between 5.5 dB and 12 dB within the operating band, which is
attributed to Ohmic loss, dielectric absorption, and resonant energy dissipation. Despite these losses, the
converter maintains high polarization purity and
practical utility. With a compact and fabrication-
friendly architecture, the proposed TTPC provides a
viable route to  high-performance, broadband
polarization control in terahertz systems, thereby
paving the way for its integration into next-generation

THz communication and imaging devices.
Keywords: terahertz, metamaterial, polarization converter, wideband
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