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Abstract In this study, we numerically investigate surface plasmonic triple Fano resonances and optical sensing in the
near-infrared band using a hybrid metasurface consisting of concentric C3-hole and circular-ring-aperture unit cells. The
results reveal that by changing the symmetry breaking of the C3 unit cells, we can not only induce a tunable multi Fano
resonance effect but also enable self-reference optical sensing. In addition, a radiation monitoring sensing capability, which
depends on the depth of the Fano dips, can be realized by varying the inner radius of the circular-ring-aperture unit cells.
Our results provide a new perspective for the design of compact and tunable Fano resonance photonic devices and enable
the incorporation of periodic subwavelength metal nanostructures into relevant biosensing and optical communication

applications.

Key words optoelectronics; surface plasmonics; surface plasmons; optical sensing and sensors

1 gl E

RIMGE TR RASOES &8 KRS
KM AR =AY, SRS R A T
B S O P A i 7 A SR AR IR, B AT LA R
S50 J [ B B G o A A 0 o TR R TR I A B T AR
HA WP ey 5 8 Sy 37 16 i A9 R i, T AR it

/N AT e B B G A AR R IO 2 AR IR T
IR A T WAL A AR R R s b
PG Y Yk ol = AE S5 R, Al A g oK RUE A B 3 4
J65 Y R AR R Gl A R B A T
KRR P OCEs A AR PR 3 i, i T R AR
W5 TR AR A R T AT IZ BB S % . AE
T O G R S OC 2 A Y LT 2 8, e

FHHBEH. 2022-02-21; KRB 2022-01-14; EEBH. 2022-03-03; MEBEEXBE. 2022-03-19
HETH.: ERARP IS (12104214) G0 HRPBEF 4 (2020775466) A8 B A0 7 AR 5806 Jc 08 #1151 5 44 3 5 5058

ZEIH (2018TP1041) I & U HE % il &3 4 (19C1585)

BIS1EE . xqluophys@gmail.com; “wxl_ly000@aliyun.com

0925001-1


https://dx.doi.org/10.3788/LOP220540
mailto:E-mail:xqluophys@gmail.com
mailto:E-mail:xqluophys@gmail.com
mailto:E-mail:wxl_ly000@aliyun.com
mailto:E-mail:wxl_ly000@aliyun.com

ARCRST LR S A BOL S H Z 18] 9 LA S50, REfig 52 B
X I HE P B 0 A AL AR OL R e a  B B BT
QTR % Ll R
LSRR T 5 Y UM AR I R S 3 iz oF
FH—FOE TR . S JEAOKREH % R
ROSE AT Hh B AT 7 2R 5 B 4 S TR LR AU O ) R R
B2k UG B A B T RS IR A A (R ) B T AR EL AR
FEA TR R B AR X AR A A L LA R
(3 BN FEROE RS T D IR Dbk
DRI A A AR AU R S Y T 19 L T
o SR, 22 H kv SR AN R N R T A — ke 3t
PRANE , R S FEE 3 18T v 4 5 22 A R Al ] g 9 42
ARETE o X AU BT AE 2 A BT R I 52 BB R Y
JR B M ik b A B T T 2 E R LR BN A 4 K
2 RS T o L8 WG HL 8 L 22 0T 1 AR A% R b i
F o AR 7E 2 B U IR v R4 WA 85 4 AR 104 5 1 9
PEACESC B o LA, 2 T AR S AR E B Ak 1Y R ER
BEAEOLT T A B A 2 A SR IR b LA iR
W 2% 155 1 [ 275 LA AL I T 58 38 M X 45 2
ATy 2t — L W5
PRt AR SRR T — ol [R] 0 €3 28 L A1 B 35 £L B
JLEH A A R T A R, T LU SE B T HAT A 3
ECUEAG RPN VRIS B TP e o L B2 SO P AW
e B 7 1 H A AR L AR BT (D ) S8 1 H B L 4 AT X
(D) ARG B I, 0 2 36 3 O A A B A P RE 6 7
AR WA S E IR IR . SO,
AT WS RS 0 A S RUE D7 BLAE R YA B
i 5 B C3 X BRI AL B9 JLAT S5, 51 C3 X Fr 1k i
B A RERS 5B — OO )k IR 5 X0 =) E ik
SR 2 18] IR A, 3 AT LS B L — A i A R ey

@

incident light

Z
A
Y
XK)*——>

F£ 605 FE9HI/2023 £ 5 B/ ERBTFEHE

ZEE S ASE AR b, 8 i SO B3R g
AR ] I — R U R R S =R 3
IR 22 1 T A G A A SR P A RIS B0 i) B I
PR SRR BE AL o 56 T IHRR IR, 70 52 4 B 3 T 45 48
H R A S e T 3 A T R A S AR R B
T2 B IR I PR AT AR B R 4 D T R AT
P AR IR AR PR G T — BT AL AR E T
WA K 2 K 7 A= ) A s D3 15 AU B

2 Sty R

WE 1) Frs ARG T — M BN 2 & &
TAT, T2 FH [RLC 9 C 3 5% R 455 44 1 (B A FL 5 6 45 44 1)
JEL I P AL B0 2B o SR FH A A R L R IR Y
JEFE R E N 225 nm, S ULEES, B Ag 78 AT UL 56 A
ST A0 DX AT B AR I S RE () R L e T Ag VR R &
J& I LR R 50 nmo WE Y Bl O 1) A% R %) 2R Ak
A Sk b 5 DA et i — 0 2 B REG T Ag L HA
SHCE RIS AR X . B 1(b) & X—Z P b
FATT S5 A8 B B B Horh PR Pyl R U X
J7 1] AU Z B 1) b 04 B A R 5 R B A 2 Ag
JIEE 038 4 2 25 35 Ry AR, 40 51 2 5 B4 465 44 7 7Y 4b
2t saaa, i IMARER CIEM T = MERKE, K
= e w38l A7 PR 2% 23 5 o6 ARG R R T R AT BO(E A
o MRAEECER EER, B LK R 8. 3 as, M
#& KR 5 nm. Ag B4 B 5 B E IE B9 Drude B
RIS, A 9 1A B H B0 R 2. 25, AT 6 A IR
R e 0Tk e, s B K S 1550 nm, ik e B 20
16 fs, Bk 58 0 5 fso Ff A ICE5H4 1Y X5l 7 10 RN Z %l 1)
B R R B A 58 A VLI 2 AR Y Rl Oy
Tia] F18 W2 WAL 300 B A A o

1 g5HR B L (a) S A R 4548 7% B 8 5 (b) X-Z V11 b 52 A 768 3 T SR 58 235 4 14 Tk oA 4 T ]

Fig. 1 Schematic diagram of structure. (a) Schematic diagram of hybrid metasurface structure; (b) enlarged cross-sectional view of

hybrid metasurface unit cell in X-Z plane
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Fig. 2 Transmission spectra of three different structures: (a) Individual C3 unit cells, (b) individual circular-ring-aperture unit cells, and

(¢) hybrid metasurface structure when polarization of incident light is along X-direction
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Fig. 3 Transmission spectra corresponding to influence of different values of @, (100-160 nm) on Fano resonances when polarization of

incident light is along X-direction.
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Fig. 5

Designability of near-infrared plasmonic Fano resonances in hybrid metasurface. (a) Transmission spectra corresponding to

different inner radius (R;) under direction of incident light polarization along X-direction; (b) variation of width (W) and depth

(Dyy) of Fano resonance with inner radius, as well as their sine and exponential functions fitting; (c) values of peak-1V versus

inner radius and their sine fitting
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