Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

EFGORERIHAR MR EA R LT EET

TH OE¥E ETES IR FZE FEE FSUR KXW LK RS

Nano-printing technology based double-spiral terahertz tunable metasurface

YuBo Zhuang Shu-Lei Wang Zheng-Xin  Wang Man-Shi ~ Guo Lan-Jun  Li Xin-Yu  Guo Wen-Rui
SuWen-Ming  Gong Cheng  Liu Wei-Wei

5] Fi{i5 &, Citation: Acta Physica Sinica, 71, 117801 (2022) DOI: 10.7498/aps.71.20212408

TELR T2 View online: https://doi.org/10.7498/aps.71.20212408

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

BT BB AR I A2 B 2% 103 BRI AR

Terahertz vortex beam generation based on reflective metasurface

PyFEEEAR. 2019, 68(23): 238101 https:/doi.org/10.7498/aps.68.20191055

ST XROT H R BN 2 18T 04 S B 2% 13 e o™ £

Broadband terahertz vortex beam generation based on metasurface of double—split resonant rings

YrE2E 4. 2019, 68(10): 108701  https://doi.org/10.7498/aps.68.20182147

HASRE LS A T A2 5 A A R 25 R AT
Terahertz phase shifter based on phase change material-metasurface composite structure

YrHE2E4R. 2021, 70(7): 074201 https://doi.org/10.7498/aps.70.20201495

BT AU R 2% S B 2 T
Terahertz coding metasurface based vanadium dioxide

YrHE2A 4R, 2020, 69(22): 228101  hitps:/doi.org/10.7498/aps.69.20200891

BT RMR2E AT S5 B O TR 22 MO A ] PRI 45 S N

Multi—parameter tunable phase transition based terahertz graphene plasmons and its application

WAL 2021, 70(22): 224202 https://doi.org/10.7498/aps.70.20210445

HET RSP R R AT DG 4
Tunable metasurfaces based on phase—change materials

WAL 2020, 69(15): 154202 https://doi.org/10.7498/aps.69.20200453



#) 32 % 3R Acta Phys. Sin. Vol. 71, No. 11 (2022) 117801

BT 0 K BN il 452 AR B AR i Kk 22 AT A8 R E

FHY EHFZY TEQY EEHY HZEL FEHEY
AP BRI R x| FEY

1) (P RFIUOCEATIT, TR B E BEORPI# S0 %, K 300350)
2) (FERABEIR NG EAR SR EDFGERT, F7 215123)
(2021 412 H 28 HYL#; 2022 45 2 A 9 HUEEIEHHR)

P N T 3 o 2 T I ) 1 L 2 1 B 06 S 0 A 2 A0 BE (A B D L R L AR R R AR Th g, R bR 2%
VAR AT . LR S R 2 G E B B A K BB AR BT A T 2 o P OO e T, R X
8 % P A T — R o A% R T R DR S, 3 A R A S A 4% D SR A A R R . A RS 90°
J&, 0.52 THz Ab 37 54 2 1l 8% B4 & 67%, i 0.92 THz &b i 7% 51 R i 68% W% 3%, SEI0 I thIIR 2 K T 88% 11
TR HH, TR AR B A e T EA R e T ISR E I e R AR, A R R R 2E T R A

(g /INBY A | i A R R T AR

KSR GORENR, BRI, KBF2Z, FEFEIEiE, nl W&

PACS: 78.67.Pt, 87.50.U

1 5 =

KAF2E AR AE T 0.1—10 THz JEFH, Pk
AF 30 pm—3 mm Z 8] (RGBT AR
M ZEK s . PR HA O FRE R . KA vE . 7l
SEBAMMERTRISEE R, KRG Tery i s 24
BE 2 A% -7, ek 5100 S AT 45 FL RV
PrfE. 8RR — R Btk i N TR I B 51 45
F, HE R AT L i S5 BT i LA e Rt
BV TRE S, DTSEER SR A EL 4% 1) L A
PE, 0% T KB ZEA R TTRIBR, 4 8h T Kibk%%
Bl R . Tl SR B AL B 2E B O 4
SCER T SE M 112 181 S e 1010
R RERR .

ARk, REfE S 32 Sl il Ay ] 8 8 2R T 2

* EFF IR (S 2018YFB0504400) % B

T EfEEH. E-mail: wmsu2008@sinano.ac.cn
1 BfE1E#E. E-mail: gongcheng@nankai.edu.cn
©2022 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.71.20212408

Bl BT A, AR T 52 A4 a5 1 25 1R e e 1Al
LI R R BEANEZE T2 —.
2016 4F, Yachin % ' BFE T —Fh 38 L4 @A R4
Fa B RE R 1R, P3E R e 7E 22—38 GHz Mz SE
PRI, 2017 4F, —Piels d AL ()8 3R TH K29 Pra-
modh Kumar AN, WIHTF IO CFaR el
A4, Chen %5 19351 T —Fh H RUHE F 0, i jiE
LTI &N N SN RO 7053 - B < O [ K o
Sun &5 200 52 1 Tl vh e Az R R TR IR & A B
WHEE. 2019 47, XF—FpaEde it 7 T8 3 e %
B = A 1) B2 A0, Tournat F A Y A5 T AHE 19
HIS AR RE. 2020 4, P iEAF 22 5L T 0T 8 M SR 1w £
T OGN ) i SO 2%, AT A He
FEZ 2.63%. 2021 4F, TS LT el AR m
PR T DUZESROH, R A TE IS, SR A Y
I FHBUARE 2 (%) P S A R R T T T — R LG T

http://wulixb.iphy.ac.cn

117801-1


http://doi.org/10.7498/aps.71.20212408
mailto:wmsu2008@sinano.ac.cn
mailto:wmsu2008@sinano.ac.cn
mailto:gongcheng@nankai.edu.cn
mailto:gongcheng@nankai.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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 11 (2022) 117801

5, 1€ 5.8 GHz AbBi25#485 2.7 dBi.

(B2, R BORMR2E AT 8 2 10 X 1T WG A3
B BRI T AR BT N R, SR TG
e ESEERAY, IF H H T IH B> RE S K i
FUOUASEH s B F R T %8, IR, A SR F—Fh gl ok
R AT B AR i A o AR L SR L AT LG I Y
Kb gz BT, HEA T HAG T — e vl g ik
. ET YA U R R IR, [ KR AL A
S5 T, RERE 15°TE RS RUBR BE AR 2% 1 — I, HOK bk
BT R IR 8 5 SR SH TS ST B K
2R IOERE S RS B BERE 90°)5 , 1K AR
1 0.52 THz AL i 3 B 8% 3 & 67%, I
Ji 88%:; 7 0.92 THz b Y15 5 % i 68% M= 3%,
PATHIREE 96%.

2 REHHE

NGRS AN o o7 1SR &) I
T ) Rk LR S T A O i, R R L L B S AN
KERWURLEN AR &, 4240 T & 1(a) Fron i T
il AR AEIRIAR. BT, ST 2
(LB i, AR BB ER (1) v FF B 2R LA
EUE A AR A L s PR B B BT TE 200 pm J5E Y
PET (polyethylene glycol terephthalate) & Jit 5
10 pm JE#) UV (ultraviolet rays) B K2 I, 15 3]
WP B () Fros et B, 15 9 R BUURLILA
RSN, IFAE 150 °C R HE4E 15 min, f45205 (I10)
Y XUZ R A5 AE , B020 i o SR TR L B
S MOCATES , 1R RP IR (IV) PR i R 25 1.
N Es % NI NP LI DNTEAG R s 27t NS e X
KEBERERD.

ARSI g R TR A ANEL 1(b) PR, b
Al B2 R B 295 200 pm, HH 24T R ok
A4 YRR JEERE . R AR LA ol A B T R
%R, — 10 comx 10 cm (YR G AL 4.7 g,
A BT AR A F AL, FER R RIFAIZR
P, AR S SCHURIR A i, X b HIE R 2 E T
BLqtl. MO, o T R A AR TS ANAT 10 pm,
HE/NTZ A Z IR ] B, R AT WO RE 6% R 45
ik (1) PR, G B A A N 2 % TR
ISR AN A I B2 e M TR f s wi
Tisinte 83 70%:

Tisivle = (Atotal — Aline) / Atotal (1)

Hor, Ao 2R E5H PICHY BRI ER, Ajy,e 52
LT A5 A HoT T a R AR BT 5 T AR

(a) ”Ni mold Imprinting
for pattern
I UV glue
PET

O AN

Filling Ag ink
and sintering

(111)

(10 RN

Polishing
metasurface
(IV)
‘lm-ﬂ%’l

(b)

1 OKERENRIE R  (a) Bl #2; (b) FEah
Fig. 1. Nano-printing metasurface: (a) Preparation process;

(b) sample.
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Fig. 2. Double-spiral structure and rotating tunable filter:

(a) 3x3 cell array; (b) cell size; (c) schematic diagram of
the filter; (d) picture of the filter.
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Fig. 3. The simulation results of rotations: (a) 0°-90°; (b) 0°
and 90°.
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Fig. 4. The simulation results of polarization: (a) Transmission coefficient; (b) polarization conversion efficiency.

(a) Farfield E-field (r =1 m) (b) Farfield E-field (r =1 m) (c) Farfield E-field (r=1 m)
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Fig. 5. Circular dichroism of spiral structure: (a) 0°; (b) 90°; (c) single spiral.
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Nano-printing technology based double-spiral terahertz
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Abstract

Electromagnetic devices made of artificially constructed metasurfaces can achieve filtering, modulation,
sensing, and detection functions in the terahertz frequency band, which is essential for the applications of
terahertz waves in the fields of communication and imaging. We design and prepare a flexible and transparent
double spiral metasurface based on nano-printing technology, and use the metasurface to construct a rotating
tunable filter, which can achieve regular tuning of the terahertz wave transmittance by rotating the
metasurface. After rotating 90°, the transmittance at 0.52 THz increases from 8% to 67%, and the
transmittance at 0.92 THz decreases from 68% to 3%, thus realizing active tuning with modulation depth
greater than 88%. Moreover, the proposed nano-printing metasurfaces have excellent properties of ultra-
thinness, flexibility, and visible light transparency, which are conducive to the miniaturization, light-weight and
large-area preparation of terahertz tunable devices.

Keywords: nano-printing, metasurfaces, terahertz, rotary tuning, visible light transparency
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