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Abstract: In this paper, a multifunctional metamaterial device based on the phase transition properties of va-
nadium dioxide (VO,) is proposed. The metamaterial structure consists of a top layer combined with VO,-
filled Split Ring Resonator (SRR) and a metal cross, a polyimide (PI) dielectric layer, and a metal substrate.
When the VO, is in the insulating state, the cross-polarization conversion function can be realized, and its Po-
larization Conversion Rate (PCR) is greater than 90% in the range of 0.48-0.87 THz. When the VO, is in the

metallic state, the device can realize dual-frequency absorption and be applied in high-sensitivity sensing
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functions. The absorption rates are higher than 88% at the frequencies of 1.64 THz and 2.15 THz. By chan-

ging the refractive index of the sample material, the sensing sensitivities at the two related frequencies are
about 25.6 GHz/RIU and 159 GHz/RIU, and the Q-factors are 71.34 and 23.12, respectively. The proposed

metamaterial multifunctional device exhibits the advantages of a simple structure, a switchable function, and

high-efficiency polarization conversion, and provides potential application value in future terahertz commu-

nication, imaging and other fields.

Key words: terahertz metamaterial; multifunctional device; absorption; polarization conversion; sensing
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Fig. 1 Structrual diagram of the proposed multifunctional

metamaterial device. (a) 3D schematic; (b) top

view; (c) side view
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Fig. 8 Performance analysis of the absorber when it is used as a sensor. (a) The variation of absorption with the refractive in-

dex of the sample; (b) the sensing characteristics at the frequency of 1.64 THz; (c) the sensing characteristics at the fre-

quency of 2.15 THz

4 % %

AT — R R T VO, FHAS R E BT 1 8
PRINEEH) Z DIRE M B, XA TE VO, &b F
AR IS RE I . 2 VO, b FHZAS
B, M2 A A Sy D i e A8 2 7T ST B e 28802 1) 2
PR Aw AR, 18 0.48~0.87 THz SR Bl N, T
PR R KT 90%, 24 VO, &b T4 @A}, af L
SEP AU ORI 25 R AR T RE . 7E 1.64 THz
F1 2.15 THz # 4k HA 2 AN AN 8] i Wl e, Wit

S 3k

WCRR T 88%. WIS T LEIX % S Ab Y
R IR, 38 0 AR AR AT SR AR, A
W8 A A% B R U 43 11 29 2R 25.6 GHZ/RIU
F1 159 GHz/RIU, T P45 % s Ak 1 Q PR -43-3il)
 71.34 F1 2312, IR R AR kG . [F
A RIS T 45 44 2 B0 it 41 e 492 B AR i
RER 2, AT SR E S A S B in TR (225 A
SCHRE R AR RS EL A 2 TR R R R
J7L ZYRE N AR A, KRR T T &8RS AT
AT, IF R Kbk %% 0% B 2 DR g i o $2 it 1
B

(11 3R, REH, Fodt, . AOMZHOR BN T ERE(T]. s BR42 55 5 R 65, 2010, 3(3): 209-222.
CAI H, GUO X J, HE T, et al.. Terahertz wave and its new applications[J]. Chinese Journal of Optics and Applied

Optics, 2010, 3(3): 209-222. (in Chinese)

(2] & Ade, KT, LA, 5. KBRS PR BRI (1], F B 65, 2022, 15(3): 405-417.
CAO B H, ZHANG Y M, FAN M B, et al.. Research progress of terahertz super-resolution imaging[J]. Chinese Optics,

2022, 15(3): 405-417. (in Chinese)

[3] YAND X, WANG Y, QIU Y, et al.. A review: the functional materials-assisted terahertz metamaterial absorbers and

polarization converters [J]. Photonics, 2022, 9(5): 335.

[4] DRISCOLL T,KIM H T, CHAE B G, et al.. Memory metamaterials [J]. Science, 2009, 325(5947): 1518-1521.


https://doi.org/10.37188/CO.2021-0198
https://doi.org/10.3390/photonics9050335
https://doi.org/10.1126/science.1176580

%3 PR, A AU B AT U4 2 D RERE AT LA H 521

(5]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

AR, LR, 2B A ATRRAR2Z SOt AR [0]. F B R4, 2014, 7(3): 349-364.

ZHANG J F, YUAN X D, QIN SH Q. Tunable terahertz and optical metamaterials[J]. Chinese Optics, 2014, 7(3): 349-
364. (in Chinese)

XU SH T, FAN F, WANG Y H, et al.. Intensity-tunable terahertz bandpass filters based on liquid crystal integrated
metamaterials[J]. Applied Optics, 2021, 60(30): 9530-9534.

LIU W W, XU J SH, SONG ZH Y. Bifunctional terahertz modulator for beam steering and broadband absorption based
on a hybrid structure of graphene and vanadium dioxide[J]. Optics Express, 2021, 29(15): 23331-23340.

HUANG CH CH, ZHANG Y G, LIANG L J, et al.. Perovskite-based multi-dimension THz modulation of EIT-like
metamaterials[J]. Optik, 2022, 262: 169348.

ZHANG HY, YANG CH H, LIU M, et al.. Dual-function tuneable asymmetric transmission and polarization converter
in terahertz region[J]. Results in Physics, 2021, 25: 104242,

AT4E, FF 4R, AR E % AR I RIE T XL REA IRt RE (1], F B 6, 2021, 14(4): 886-899.

FU R, LI Z L, ZHENG G X. Research development of amplitude-modulated metasurfaces and their functional
devices[J]. Chinese Optics, 2021, 14(4): 886-899. (in Chinese)

WU X L, ZHENG Y, LUO Y, ef al.. A four-band and polarization-independent BDS-based tunable absorber with high
refractive index sensitivity [J]. Physical Chemistry Chemical Physics, 2021, 23(47)' 26864-26873.

SRR, IRARL, 23, A /SO AT UT R ) A S0 - AR AR LA S A5 R OB 25 R s D] R o F AR, 2022,
42(19): 1916001.

HUANG CH CH, ZAHNG Y G, LIANG L J, et al.. Narrow/broad band switchable Terahertz absorber based on
graphene and vanadium dioxide composite structure[J]. Acta Optica Sinica, 2022, 42(19): 1916001. (in Chinese)

B AR, FRAR, BT IR 20 A VR AR A SR R R R A S S R O RS D] P B R, 2021,

14(4): 1019-1028.

LI X J, HOU X M, CHENG G, et al.. Simulation on tunable graphene metasurface focusing mirror based on flexible
substrate[J]. Chinese Optics, 2021, 14(4): 1019-1028. (in Chinese)

FRAL, T, TP, F OBZWR PTRIE RS R[], F B3k, 2019, 46(6): 0614006.

JIY Y, FANF, YU J P, et al.. Terahertz tunable devices based on liquid crystal[J]. Chinese Journal of Lasers, 2019,
46(6): 0614006. (in Chinese)

w2 5L, F 0, AL R T T]. F BB, 2021, 14(4): 968-985.

CAOT,LIUK, LIY, et al.. Tunable optical metamaterials and their applications [J]. Chinese Optics, 2021, 14(4): 968-
985. (in Chinese)

CHENG J R, FAN F, CHANG SH J. Recent progress on graphene-functionalized metasurfaces for tunable phase and
polarization control [J]. Nanomaterials, 2019, 9(3): 398.

FE R, MR, BRE, F. RTINS IR PR b AT R R T R 2 N HWF S L], R A2, 2022,

52(2):317-325.

LI J H, YANG W CH, ZHOU CH Y, et al.. Research on metal-insulating transition of vanadium dioxide and its
applications on reconfigurable metasurface antenna[J]. Radio Engineering, 2022, 52(2): 317-325. (in Chinese)

LIU M, KANG W J, ZHANG Y L, et al.. Dynamically controlled terahertz coherent absorber engineered with VO,-
integrated Dirac semimetal metamaterials [J]. Optics Communications, 2022, 503: 127443.

QIAO Q, WANG Y K, YANG G F, et al.. Broadband of linear-to-linear and double-band of linear-to-circular
polarization converter based on a graphene sheet with a n-shaped hollow array [J]. Optical Materials Express, 2021,
11(9): 2952-2965.

YANG CH H, GAO Q G, DAI L L, et al.. Bifunctional tunable terahertz circular polarization converter based on Dirac
semimetals and vanadium dioxide [1]. Optical Materials Express, 2020, 10(9): 2289-2303.

25, RATRE, RE &, F. TR AL S8 IR ST (1] 422 524k, 2017, 66(18): 180701,

FU Y N, ZHANG X Q, ZHAO G ZH, et al.. A broadband polarization converter based on resonant ring in terahertz
region[J]. Acta Physica Sinica, 2017, 66(18): 180701. (in Chinese)

HE ZH H, LI L Q, MA H Q, ef al.. Graphene-based metasurface sensing applications in terahertz band [J]. Results in
Physics, 2021, 21: 103795.

YAN D X, FENG Q Y, YUAN Z W, et al.. Wideband switchable dual-functional terahertz polarization converter based


https://doi.org/10.1364/AO.439400
https://doi.org/10.1364/OE.433364
https://doi.org/10.1016/j.ijleo.2022.169348
https://doi.org/10.1016/j.rinp.2021.104242
https://doi.org/10.37188/CO.2021-0017
https://doi.org/10.1039/D1CP04568G
https://doi.org/10.3788/AOS202242.1916001
https://doi.org/10.37188/CO.2020-0171
https://doi.org/10.3788/CJL201946.0614006
https://doi.org/10.37188/CO.2021-0080
https://doi.org/10.3390/nano9030398
https://doi.org/10.3969/j.issn.1003-3106.2022.02.024
https://doi.org/10.1016/j.optcom.2021.127443
https://doi.org/10.1364/OME.436327
https://doi.org/10.1364/OME.404244
https://doi.org/10.7498/aps.66.180701
https://doi.org/10.1016/j.rinp.2020.103795
https://doi.org/10.1016/j.rinp.2020.103795

522

RED2E (RgEs) %16 %

[24]

[25]

[26]

[27]

(28]

(29]

on vanadium dioxide-assisted metasurface[J]. Chinese Physics B, 2022, 31(1): 014211.

B MG, FRAE, X if, 4. ST AL PURAS B AT AR B[] 27 565 53R, 2022, 28(1): 37-45.

GAO P, CHEN C, LIU H, et al.. Design of adjustable metamaterial absorber based on the phase transition of vanadium
dioxide[J]. Journal of Quantum Optics, 2022, 28(1): 37-45. (in Chinese)

BAN SH H, MENG H Y, ZHAI X, et al.. Tunable triple-band and broad-band convertible metamaterial absorber with
bulk Dirac semimetal and vanadium dioxide[J]. Journal of Physics D:Applied Physics, 2021, 54(17): 174001.

HFHR, KRB, AR, FOAET RO 25 0T 040 i XU RE B AT RN g IS L. P B A, 2022,
15(2): 388-404.

FENG Q Y, QIU G H, YAN D X, et al.. Wide and narrow band switchable bi-functional metamaterial absorber based on
vanadium dioxide [J]. Chinese Optics, 2022, 15(2): 388-404. (in Chinese)

QIUY, YAN D X, FENG Q Y, et al.. Vanadium dioxide-assisted switchable multifunctional metamaterial structure[J].
Optics Express, 2022, 30(15): 26544-26556.

FENG Q Y, YAN D X, LI X J, et al.. Realization of absorption, filtering, and sensing in a single metamaterial structure
combined with functional materials[J]. Applied Optics, 2022, 61(15): 4336-4343.

FERRARO A, ZOGRAFOPOULOS D C, CAPUTO R, et al.. Guided-mode resonant narrowband terahertz filtering by
periodic metallic stripe and patch arrays on cyclo-olefin substrates [J]. Scientific Reports, 2018, 8(1): 17272.

(EAEME

JEEE(1991—), B, Bl s, #l BRARAE (1999—), £, WriLik M A, il
oz, e, FEMN R 2 R THr A, B T E iR R T
AR K44 E-mail: yandexian1991@163. fEETHEL ., E-mail: chenxinyi299088
com @163.com

3

b,


https://doi.org/10.1088/1674-1056/ac05a7
https://doi.org/10.1364/OE.465062
https://doi.org/10.1364/AO.459406
https://doi.org/10.1038/s41598-018-35515-z

	1 引　言
	2 结构设计与仿真
	3 结果与讨论
	3.1 VO2为绝缘态时超表面作为偏振转换器
	3.2 当VO2处于金属态时超材料结构性能分析
	3.2.1 金属态时作为双频吸收器
	3.2.2 金属态时作为传感器


	4 结　论
	参考文献

