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Fig. 1. Structure of ASADM model: (a) Three-dimensional
(3D) structure diagram; (b) two-dimensional (2D) struc-

ture diagram.
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Fig. 2. EIT-like transmission spectra of (a) the short silicon
block, and the long silicion block, (b) the simulations and
calculations for ASADM.
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Fig. 3. Physical mechanism of EIT-like effect for the pro-
posed ASADM: (a) —(c) Electric field distribution at
wavelength of (a) 1544 nm, (b) 1576 nm and (c) 1555 nm;
(d) diagram of the three-level system.

I 20

15

#l 4  ASADM k4= Mie F&IE4R A 9y B3

I Max

B/ (V-am=1) W7/ (Vim~1)

W/ (Vem )

L—o y(H)

y-2 V- PN G 5 B Ok 5 1. 45 Mie [CILHREE
W, G 4(a) FE 4(b) FiR, TEASENEAET,
FERES A W A AR SR AL RS B, I HAE N RS
TR B T MRS, e e b il LB AR —
AL T, LA HIA R, 320 R R Mie 2R
A — o 2R . IRl 4(c) FIA 4(d) BT, Kk
B VR i U 7 A AR R ) 57 A% HL 3L, (L P 3 B 559
FRIRESL T A f B, I HAEN R s e
BT MR RES, B A iR m] B AR 2 H A T
A R LI Y R T Mie SR AO S8 — goB JE R K
FEPAE IR AT A0 1 L 75 B 55 T ke, 30O R
Bl AP BE 3 K, 5 AT AR 6 i R
s, I B2 TR R R AR, AnlEl 4(e)
FIE 4(f) Fi7R, 78 1555 nm 25 GHigAL , KA kb Ay
HL37 90 A B e Y P s, o R A
HECRAN LRI, (HA R SN AR, HE
0 B 55 T IR A b i L S0 L kO R Ol A

I 0.060

0.045 ~
|
E
0.030 <
~
R
I0.015 &
0
I0.060
0.045 —~
|
g
0.030 <
~
e}
0.015 &
i
g
Z
~
R
#

(a) S AEHAE 1544 nm AbAYHLIH S 55041 (b) K M RESAE 1544 nm 4 B #E5 53010 ;

(¢) KEEIRTE 1576 nm AL R 70105 (d) K BLEERAE 1576 nm AL 037 % B 0340 ; (e) BAEIAN (£) KAk P AE 1555 nm ALY

ERES STl

Fig. 4. Physical mechanism of Mie's resonance for the proposed ASADM: (a) Electric field vector distribution of the short silicon

block at 1544 nm; (b) magnetic field distribution of long and short silicon blocks at 1544 nm; (c) electric field vector distribution of

long silicon block at 1576 nm; (d) magnetic field vector distribution of long and short silicon blocks at 1576 nm; The electric field

vector distribution of (e) short silicon block and (f) long silicon block at 1555 nm.
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Fig. 5. Transmission spectra for the proposed ASADM are
illustrated when (a) the length of short-silicon block, (b) the
gap of two silicon-blocks, and (c) the width of two silicon-
blocks are changed.
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Fig. 6. Spectra of @ are illustrated when the gap of two
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changed.
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Table 1. Maximum @ factors for different asym-

metric EIT metamaterials at room temperature.

B FREEAE RK Q BT TREE /K
il (Cu) 54 300
4:(Au) 7.34 300
T (Si) 8616 300

ARCBETTT —Fp I THEXTFR S5 F 1728 EIT &
AL, SRH FDTD J5 ik Hr s B T H G2 e A
25 EIT R0, I8 7 f0 G I A8 25 B R T i 1 1
HEATRLEE R 128 EIT 200 dE A TR0 M. F T
MRS R R 500, IFEE6 =R T RS
XF 26 BIT U0 AT LB DR A7 PR 40 6 43 4. i i
SR T T S Q1 (QIEZI N 8616) HYZE
EIT %7, #5201k 3] 96%. i i X A RE25 44
SR IR, SCIT X2 BIT 5 % O sh s

i, AT SEBE TARARFE . By il 2 . E Sl IR P2 2
EIT HARE 0TS 53 nl RS a8t
el LR R 5 R S5 O R A )iz /Y
IO FH A5

S 30k

[1] Xia H, Sharpe S J, Merriam A J, Harris S E 1997 Phys. Rev.
A 56 315

[2] Zhou J H, Zhang C X, Liu Q R, You J, Zheng X, Cheng X A,
Jiang T 2020 Nanophotonics 9 2797

[3] Wang Z, Yu B 2013 J. Appl. Phys. 113 101

[4] Ning R X, Bao J, Jiao Z 2017 Acta Phys. Sin. 66 100202 (in
Chinese) [T=8, B, FH 2017 P731°E4 66 100202]

[5] Boller K J, Imamo L A, Harris S E 1991 Phys. Rev. Lett. 66

2593

6] Hau L V, Harris S E, Dutton Z, Behroozi C H 1999 Natrue
397 18

[7] Marco P, Dario G, Liam O F, Claudio A L 2018 Opt. Express
26 8470

[8] Lu H, Liu X M, Mao D 2012 Phys. Rev. A 85 053803
[9] Chen M M, Xiao Z Y, Lu X J 2020 Carbon 159 273

[10] Wang Q, Yu L, Gao H X, Chu S W, Wei P 2019 Opt.
Express 27 35012

[11] Li S X, Zhao H W, Han G J 2015 J. Elcetron. Sci. Technol.
13 117

[12] Huang Y, Kenta N, Yuma T, Hiroaki M, Kazuhiro H,
Yoshiaki K 2020 Sci. Rep. 10 20807

[13] LiuHQ,Ren GB,Zhu BF,Li HS, Wu B L, Jian S S 2015
Opt. Commun. 353 189

[14] Zhang S, Genov D A, Wang Y 2008 Phys. Rev. Lett. 101 218

[15] Niakan N, Askari M, Zakery A 2012 J. Opt. Soc. Am. B 29
2329

[16] Liu C X, Liu P G, Bian L, Zhou Q H, Li G S, Liu H Q 2018
Opt. Commun. 410 17

[17) Diao J Y, Han B X, Yin J, Li X J, Lang T T, Hong Z 2019
IEEE Photonics J. 11 4601110

[18] Yang Y, Li J N, Li J, Huang J, Yan Q, Zhang Y T, Dai H T,
Yao J Q 2020 Opt. Exzpress 28 24047

[19] Hamed M N, Ehsan Z, Raheleh B J 2019 ENG SCI TECHN
22 862

[20] Zhao Z, Wang H, Wang J 2020 China Commun. 17 180

[21] Han Z H 2008 Ph. D. Dissertstion (Hangzhou: Zhejiang
University) (in Chinese) [#hgk4E 2008 142407 1 3C (M : Wi
LK)

[22] B.Tatian 1984 Appl. Opt. 23 4477

[23] Han Z H, Bozhevolnyi S I 2011 Opt. Express 19 3251

[24] Moritake Y, Kanamori Y, Hane K 2014 Opt. Lett. 39 4507

194201-7


https://doi.org/10.1103/PhysRevA.56.R3362
https://doi.org/10.1103/PhysRevA.56.R3362
https://doi.org/10.1103/PhysRevA.56.R3362
https://doi.org/10.1103/PhysRevA.56.R3362
https://doi.org/10.1103/PhysRevA.56.R3362
http://doi.org/10.1515/nanoph-2020-0017
http://doi.org/10.1515/nanoph-2020-0017
http://doi.org/10.1515/nanoph-2020-0017
http://doi.org/10.1515/nanoph-2020-0017
http://doi.org/10.1515/nanoph-2020-0017
http://doi.org/10.1007/s00339-013-7860-7
http://doi.org/10.1007/s00339-013-7860-7
http://doi.org/10.1007/s00339-013-7860-7
http://doi.org/10.1007/s00339-013-7860-7
http://doi.org/10.1007/s00339-013-7860-7
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.1103/PhysRevLett.66.2593
http://doi.org/10.1103/PhysRevLett.66.2593
http://doi.org/10.1103/PhysRevLett.66.2593
http://doi.org/10.1103/PhysRevLett.66.2593
http://doi.org/10.1038/17561
http://doi.org/10.1038/17561
http://doi.org/10.1038/17561
http://doi.org/10.1038/17561
http://doi.org/10.1364/OE.26.008470
http://doi.org/10.1364/OE.26.008470
http://doi.org/10.1364/OE.26.008470
http://doi.org/10.1364/OE.26.008470
http://doi.org/10.1103/PhysRevA.85.053803
http://doi.org/10.1103/PhysRevA.85.053803
http://doi.org/10.1103/PhysRevA.85.053803
http://doi.org/10.1103/PhysRevA.85.053803
http://doi.org/10.1103/PhysRevA.85.053803
http://doi.org/10.1016/j.carbon.2019.12.050
http://doi.org/10.1016/j.carbon.2019.12.050
http://doi.org/10.1016/j.carbon.2019.12.050
http://doi.org/10.1016/j.carbon.2019.12.050
http://doi.org/10.1016/j.carbon.2019.12.050
http://doi.org/10.1364/OE.27.035012
http://doi.org/10.1364/OE.27.035012
http://doi.org/10.1364/OE.27.035012
http://doi.org/10.1364/OE.27.035012
http://doi.org/10.1364/OE.27.035012
http://doi.org/10.3969/j.issn.1674-862X.2015.02.006
http://doi.org/10.3969/j.issn.1674-862X.2015.02.006
http://doi.org/10.3969/j.issn.1674-862X.2015.02.006
http://doi.org/10.3969/j.issn.1674-862X.2015.02.006
http://doi.org/10.1038/s41598-020-77922-1
http://doi.org/10.1038/s41598-020-77922-1
http://doi.org/10.1038/s41598-020-77922-1
http://doi.org/10.1038/s41598-020-77922-1
http://doi.org/10.1038/s41598-020-77922-1
http://doi.org/10.1016/j.optcom.2015.05.018
http://doi.org/10.1016/j.optcom.2015.05.018
http://doi.org/10.1016/j.optcom.2015.05.018
http://doi.org/10.1016/j.optcom.2015.05.018
https://doi.org/10.1103/PhysRevLett.101.047401
https://doi.org/10.1103/PhysRevLett.101.047401
https://doi.org/10.1103/PhysRevLett.101.047401
https://doi.org/10.1103/PhysRevLett.101.047401
https://doi.org/10.1103/PhysRevLett.101.047401
http://doi.org/10.1364/JOSAB.29.002329
http://doi.org/10.1364/JOSAB.29.002329
http://doi.org/10.1364/JOSAB.29.002329
http://doi.org/10.1364/JOSAB.29.002329
http://doi.org/10.1016/j.optcom.2017.09.084
http://doi.org/10.1016/j.optcom.2017.09.084
http://doi.org/10.1016/j.optcom.2017.09.084
http://doi.org/10.1016/j.optcom.2017.09.084
http://doi.org/ 10.1109/JPHOT.2019.2920433
http://doi.org/ 10.1109/JPHOT.2019.2920433
http://doi.org/ 10.1109/JPHOT.2019.2920433
http://doi.org/ 10.1109/JPHOT.2019.2920433
https://doi.org/10.1364/OE.399822
https://doi.org/10.1364/OE.399822
https://doi.org/10.1364/OE.399822
https://doi.org/10.1364/OE.399822
https://doi.org/10.1364/OE.399822
http://doi.org/10.1016/j.jestch.2019.01.008
http://doi.org/10.1016/j.jestch.2019.01.008
http://doi.org/10.1016/j.jestch.2019.01.008
http://doi.org/10.1016/j.jestch.2019.01.008
http://www.cic-chinacommunications.cn/EN/Y2020/V17/I6/180
http://www.cic-chinacommunications.cn/EN/Y2020/V17/I6/180
http://www.cic-chinacommunications.cn/EN/Y2020/V17/I6/180
http://www.cic-chinacommunications.cn/EN/Y2020/V17/I6/180
http://www.cic-chinacommunications.cn/EN/Y2020/V17/I6/180
http://doi.org/10.1364/AO.23.004477
http://doi.org/10.1364/AO.23.004477
http://doi.org/10.1364/AO.23.004477
http://doi.org/10.1364/AO.23.004477
http://doi.org/10.1364/AO.23.004477
http://doi.org/10.1364/OE.19.003251
http://doi.org/10.1364/OE.19.003251
http://doi.org/10.1364/OE.19.003251
http://doi.org/10.1364/OE.19.003251
http://doi.org/10.1364/OE.19.003251
http://doi.org/10.1364/OL.39.004057
http://doi.org/10.1364/OL.39.004057
http://doi.org/10.1364/OL.39.004057
http://doi.org/10.1364/OL.39.004057
http://doi.org/10.1364/OL.39.004057
https://doi.org/10.1103/PhysRevA.56.R3362
https://doi.org/10.1103/PhysRevA.56.R3362
https://doi.org/10.1103/PhysRevA.56.R3362
https://doi.org/10.1103/PhysRevA.56.R3362
https://doi.org/10.1103/PhysRevA.56.R3362
http://doi.org/10.1515/nanoph-2020-0017
http://doi.org/10.1515/nanoph-2020-0017
http://doi.org/10.1515/nanoph-2020-0017
http://doi.org/10.1515/nanoph-2020-0017
http://doi.org/10.1515/nanoph-2020-0017
http://doi.org/10.1007/s00339-013-7860-7
http://doi.org/10.1007/s00339-013-7860-7
http://doi.org/10.1007/s00339-013-7860-7
http://doi.org/10.1007/s00339-013-7860-7
http://doi.org/10.1007/s00339-013-7860-7
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.1103/PhysRevLett.66.2593
http://doi.org/10.1103/PhysRevLett.66.2593
http://doi.org/10.1103/PhysRevLett.66.2593
http://doi.org/10.1103/PhysRevLett.66.2593
http://doi.org/10.1038/17561
http://doi.org/10.1038/17561
http://doi.org/10.1038/17561
http://doi.org/10.1038/17561
http://doi.org/10.1364/OE.26.008470
http://doi.org/10.1364/OE.26.008470
http://doi.org/10.1364/OE.26.008470
http://doi.org/10.1364/OE.26.008470
http://doi.org/10.1103/PhysRevA.85.053803
http://doi.org/10.1103/PhysRevA.85.053803
http://doi.org/10.1103/PhysRevA.85.053803
http://doi.org/10.1103/PhysRevA.85.053803
http://doi.org/10.1103/PhysRevA.85.053803
http://doi.org/10.1016/j.carbon.2019.12.050
http://doi.org/10.1016/j.carbon.2019.12.050
http://doi.org/10.1016/j.carbon.2019.12.050
http://doi.org/10.1016/j.carbon.2019.12.050
http://doi.org/10.1016/j.carbon.2019.12.050
http://doi.org/10.1364/OE.27.035012
http://doi.org/10.1364/OE.27.035012
http://doi.org/10.1364/OE.27.035012
http://doi.org/10.1364/OE.27.035012
http://doi.org/10.1364/OE.27.035012
http://doi.org/10.3969/j.issn.1674-862X.2015.02.006
http://doi.org/10.3969/j.issn.1674-862X.2015.02.006
http://doi.org/10.3969/j.issn.1674-862X.2015.02.006
http://doi.org/10.3969/j.issn.1674-862X.2015.02.006
http://doi.org/10.1038/s41598-020-77922-1
http://doi.org/10.1038/s41598-020-77922-1
http://doi.org/10.1038/s41598-020-77922-1
http://doi.org/10.1038/s41598-020-77922-1
http://doi.org/10.1038/s41598-020-77922-1
http://doi.org/10.1016/j.optcom.2015.05.018
http://doi.org/10.1016/j.optcom.2015.05.018
http://doi.org/10.1016/j.optcom.2015.05.018
http://doi.org/10.1016/j.optcom.2015.05.018
https://doi.org/10.1103/PhysRevLett.101.047401
https://doi.org/10.1103/PhysRevLett.101.047401
https://doi.org/10.1103/PhysRevLett.101.047401
https://doi.org/10.1103/PhysRevLett.101.047401
https://doi.org/10.1103/PhysRevLett.101.047401
http://doi.org/10.1364/JOSAB.29.002329
http://doi.org/10.1364/JOSAB.29.002329
http://doi.org/10.1364/JOSAB.29.002329
http://doi.org/10.1364/JOSAB.29.002329
http://doi.org/10.1016/j.optcom.2017.09.084
http://doi.org/10.1016/j.optcom.2017.09.084
http://doi.org/10.1016/j.optcom.2017.09.084
http://doi.org/10.1016/j.optcom.2017.09.084
http://doi.org/ 10.1109/JPHOT.2019.2920433
http://doi.org/ 10.1109/JPHOT.2019.2920433
http://doi.org/ 10.1109/JPHOT.2019.2920433
http://doi.org/ 10.1109/JPHOT.2019.2920433
https://doi.org/10.1364/OE.399822
https://doi.org/10.1364/OE.399822
https://doi.org/10.1364/OE.399822
https://doi.org/10.1364/OE.399822
https://doi.org/10.1364/OE.399822
http://doi.org/10.1016/j.jestch.2019.01.008
http://doi.org/10.1016/j.jestch.2019.01.008
http://doi.org/10.1016/j.jestch.2019.01.008
http://doi.org/10.1016/j.jestch.2019.01.008
http://www.cic-chinacommunications.cn/EN/Y2020/V17/I6/180
http://www.cic-chinacommunications.cn/EN/Y2020/V17/I6/180
http://www.cic-chinacommunications.cn/EN/Y2020/V17/I6/180
http://www.cic-chinacommunications.cn/EN/Y2020/V17/I6/180
http://www.cic-chinacommunications.cn/EN/Y2020/V17/I6/180
http://doi.org/10.1364/AO.23.004477
http://doi.org/10.1364/AO.23.004477
http://doi.org/10.1364/AO.23.004477
http://doi.org/10.1364/AO.23.004477
http://doi.org/10.1364/AO.23.004477
http://doi.org/10.1364/OE.19.003251
http://doi.org/10.1364/OE.19.003251
http://doi.org/10.1364/OE.19.003251
http://doi.org/10.1364/OE.19.003251
http://doi.org/10.1364/OE.19.003251
http://doi.org/10.1364/OL.39.004057
http://doi.org/10.1364/OL.39.004057
http://doi.org/10.1364/OL.39.004057
http://doi.org/10.1364/OL.39.004057
http://doi.org/10.1364/OL.39.004057
https://doi.org/10.1103/PhysRevA.56.R3362
https://doi.org/10.1103/PhysRevA.56.R3362
https://doi.org/10.1103/PhysRevA.56.R3362
https://doi.org/10.1103/PhysRevA.56.R3362
https://doi.org/10.1103/PhysRevA.56.R3362
http://doi.org/10.1515/nanoph-2020-0017
http://doi.org/10.1515/nanoph-2020-0017
http://doi.org/10.1515/nanoph-2020-0017
http://doi.org/10.1515/nanoph-2020-0017
http://doi.org/10.1515/nanoph-2020-0017
http://doi.org/10.1007/s00339-013-7860-7
http://doi.org/10.1007/s00339-013-7860-7
http://doi.org/10.1007/s00339-013-7860-7
http://doi.org/10.1007/s00339-013-7860-7
http://doi.org/10.1007/s00339-013-7860-7
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.7498/aps.66.100202
http://doi.org/10.1103/PhysRevLett.66.2593
http://doi.org/10.1103/PhysRevLett.66.2593
http://doi.org/10.1103/PhysRevLett.66.2593
http://doi.org/10.1103/PhysRevLett.66.2593
http://doi.org/10.1038/17561
http://doi.org/10.1038/17561
http://doi.org/10.1038/17561
http://doi.org/10.1038/17561
http://doi.org/10.1364/OE.26.008470
http://doi.org/10.1364/OE.26.008470
http://doi.org/10.1364/OE.26.008470
http://doi.org/10.1364/OE.26.008470
http://doi.org/10.1103/PhysRevA.85.053803
http://doi.org/10.1103/PhysRevA.85.053803
http://doi.org/10.1103/PhysRevA.85.053803
http://doi.org/10.1103/PhysRevA.85.053803
http://doi.org/10.1103/PhysRevA.85.053803
http://doi.org/10.1016/j.carbon.2019.12.050
http://doi.org/10.1016/j.carbon.2019.12.050
http://doi.org/10.1016/j.carbon.2019.12.050
http://doi.org/10.1016/j.carbon.2019.12.050
http://doi.org/10.1016/j.carbon.2019.12.050
http://doi.org/10.1364/OE.27.035012
http://doi.org/10.1364/OE.27.035012
http://doi.org/10.1364/OE.27.035012
http://doi.org/10.1364/OE.27.035012
http://doi.org/10.1364/OE.27.035012
http://doi.org/10.3969/j.issn.1674-862X.2015.02.006
http://doi.org/10.3969/j.issn.1674-862X.2015.02.006
http://doi.org/10.3969/j.issn.1674-862X.2015.02.006
http://doi.org/10.3969/j.issn.1674-862X.2015.02.006
http://doi.org/10.1038/s41598-020-77922-1
http://doi.org/10.1038/s41598-020-77922-1
http://doi.org/10.1038/s41598-020-77922-1
http://doi.org/10.1038/s41598-020-77922-1
http://doi.org/10.1038/s41598-020-77922-1
http://doi.org/10.1016/j.optcom.2015.05.018
http://doi.org/10.1016/j.optcom.2015.05.018
http://doi.org/10.1016/j.optcom.2015.05.018
http://doi.org/10.1016/j.optcom.2015.05.018
https://doi.org/10.1103/PhysRevLett.101.047401
https://doi.org/10.1103/PhysRevLett.101.047401
https://doi.org/10.1103/PhysRevLett.101.047401
https://doi.org/10.1103/PhysRevLett.101.047401
https://doi.org/10.1103/PhysRevLett.101.047401
http://doi.org/10.1364/JOSAB.29.002329
http://doi.org/10.1364/JOSAB.29.002329
http://doi.org/10.1364/JOSAB.29.002329
http://doi.org/10.1364/JOSAB.29.002329
http://doi.org/10.1016/j.optcom.2017.09.084
http://doi.org/10.1016/j.optcom.2017.09.084
http://doi.org/10.1016/j.optcom.2017.09.084
http://doi.org/10.1016/j.optcom.2017.09.084
http://doi.org/ 10.1109/JPHOT.2019.2920433
http://doi.org/ 10.1109/JPHOT.2019.2920433
http://doi.org/ 10.1109/JPHOT.2019.2920433
http://doi.org/ 10.1109/JPHOT.2019.2920433
https://doi.org/10.1364/OE.399822
https://doi.org/10.1364/OE.399822
https://doi.org/10.1364/OE.399822
https://doi.org/10.1364/OE.399822
https://doi.org/10.1364/OE.399822
http://doi.org/10.1016/j.jestch.2019.01.008
http://doi.org/10.1016/j.jestch.2019.01.008
http://doi.org/10.1016/j.jestch.2019.01.008
http://doi.org/10.1016/j.jestch.2019.01.008
http://www.cic-chinacommunications.cn/EN/Y2020/V17/I6/180
http://www.cic-chinacommunications.cn/EN/Y2020/V17/I6/180
http://www.cic-chinacommunications.cn/EN/Y2020/V17/I6/180
http://www.cic-chinacommunications.cn/EN/Y2020/V17/I6/180
http://www.cic-chinacommunications.cn/EN/Y2020/V17/I6/180
http://doi.org/10.1364/AO.23.004477
http://doi.org/10.1364/AO.23.004477
http://doi.org/10.1364/AO.23.004477
http://doi.org/10.1364/AO.23.004477
http://doi.org/10.1364/AO.23.004477
http://doi.org/10.1364/OE.19.003251
http://doi.org/10.1364/OE.19.003251
http://doi.org/10.1364/OE.19.003251
http://doi.org/10.1364/OE.19.003251
http://doi.org/10.1364/OE.19.003251
http://doi.org/10.1364/OL.39.004057
http://doi.org/10.1364/OL.39.004057
http://doi.org/10.1364/OL.39.004057
http://doi.org/10.1364/OL.39.004057
http://doi.org/10.1364/OL.39.004057
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. 70, No. 19 (2021) 194201

Research on analogue of electromagnetically induced
transparency effect based on asymmetric structure
all-dielectric metamaterial®

Zhang Yue-Bin  Ma Cheng-Ju’ Zhang Yao  Jin Jia-Sheng
Bao Shi-Qian  Li Mi  Li Dong-Ming
(School of Science, Xi’an Shiyou University, Xi’an 710065, China)

( Received 12 January 2021; revised manuscript received 16 May 2021 )

Abstract

The electromagnetically induced transparency (EIT), which is a result of destructive interference between
different excitation paths in a three-energy-level atomic medium, makes opaque probe light transparent over a
range of frequencies. As this EIT effect is usually accompanied with strong dispersion, it has potential
applications such as slow light propagation, optical buffering, nonlinear optics, optical sensing, etc. However, for
conventional quantum EIT effect which requires stable gas lasers and low temperature environment, the
implementation of EIT in chip-scale applications is severely hampered by the scathing experimental
requirements. Recently, the EIT-like effect in metamaterials, which are constructed by designing the artificial
subwavelength functional elements and arranging the spatial sequences, attracts tremendous attention because
of its advantages, such as room temperature manipulability, large bandwidth, and small sizes. In addition, the
high-quality factor(Q) value obtained by EIT-like effect has great significance in designing the metamaterial-
based devices. In this paper, we design an EIT-like metamaterial with such a structure. The unit cell of the
proposed metamaterial is constructed by two asymmetric silicon blocks embedded on a silicon dioxide substrate.
Meanwhile, we analyze its optical properties and EIT-like effects by using three-dimension (3D) FDTD method.
Based on the coupled Lorentz model, the EIT-like effect of the designed metamaterial is investigated. Then, by
employing the electric field distribution on the surface of the metamaterial, and combining with the three-level
atomic system, the mechanism of the EIT-like effect is analyzed in detail. We find that the EIT-like effect in
the proposed metamaterial has high @ value (@ = 8616) and the high transmission (T = 96%). By changing
the length of the silicon block to destroy the asymmetry of the metamaterial structure, an active tuning EIT-
like effect is realized. Furthermore, the metamaterial structure has the advantages of low loss, easy preparation,
and active-controllability. This study represents an innovative approach to designing the EIT-like metamaterial,
which is expected to be useful for designing active tunable slow-light devices and highly sensitive optical

Sensors.
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