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Abstract A multi-layer gear-shaped metamaterial absorber with broadband and high absorption is designed based on
multi-scale feature structure stacking and Fabry-Perot resonance theory. The absorber is composed of two layers of
media-metal gear-shaped stacks with different sizes and the finite difference time domain method is used to analyze
the absorption characteristics. Numerical results reveal that the absorptivity of this absorber in the 300—4000 nm
band is above 89%, the average absorptivity can reach 94%, and the absorber shows certain polarization
insensitivity. In addition, under 60° oblique incidence, it can still maintain an average absorbance of 93% . From the
electromagnetic field distribution at the resonance wavelength, one can see that the broadband and high absorption
characteristic of this absorber is mainly attributed to Fabry-Perot resonance, surface plasmon resonance, localized
surface plasmon resonance as well as hybrid coupling among them. The proposed absorber has potential application
value in photovoltaic cells, invisible devices, and other fields, due to broadband and high absorption, large-angle
absorption, and polarization insensitivity.
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Fig. 1 Structural diagrams of proposed absorber. (a) Structure of array; (b) array period; (c) structure of absorber unit;

(d) gear-shaped structure
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Table 1  Structural parameters of multi-layer gear-shaped metamaterial absorber
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Fig. 2 Absorption spectra of multi-layer gear-shaped metamaterial absorber and average absorptivity versus layer number.

(a) Absorption spectra; (b) average absorptivity versus layer number
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Fig. 3 Absorption spectra of multi-layer gear-shaped metamaterial absorber under different conditions.

(a) Different polarization angles; (b) different incident angles
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(b)(e) A=2340 nm; (¢)(f) A=3600 nm

TR 5 e Bt T ) S 0 5 X ek 3 Bl e L OR
Ao BT IR R IR AR AL T
W ITZ R [ E 583 1 H | 54, 45 5
K6 fim. B 6~ ()l TM I A G 1k 5 2
JC 8] 4 4% B 75 3 PR 45 (500, 2340, 3600 nm) &b zoz
1 (y=0 FE) LB E 5. WE 6 iR,
MK R 500 nm B, 7 38 5 X I 3 AR Hp 7E A
Vi 5 A TT 22 ] 1 2 R Ak DL R 15 e BT S5 R . XL
GBIZRMME I AL 5Ce) ], n] LLE B, 78 4 Ik
CAT DL Ja L P 5 e W g 6 2 3R 1D 45 85 1 IR
I I BRI R LRI SR/ . B 6(b) 5 6(c)
435 2340 nm 5 3600 nm i8R 5 AL 59 15 5 00 T
G5t Z M | E | A, ol LUE S Y Ae R KR
2340 nm 5 3600 nm A ., HL 3758 B 48 58 [X ek 3 22 4 o
FE PN BLTC 25 6 U 56 =2 T 1 Jlas 4k P A % 4 T )22 1
WAL . IHIA S A0 f B A3 BT AE ARG OR T, B
AN BTG 22 B) 1 s AR PR B T 3 0 L R g O 5 vk
i =32 (F-P) SRV 72 A i ik 2ol 78 TM 9%
MBS T  AS1 5 SR T R 4 R B A BR
R BT SR B LR A, i

A = negh (5)
Y om+1/47
/ 2 —_—
Jes —niikod = n/n—FZarctan(m) , (6)
€m V€4 7”2“

KA em NG I IE R L R IR BT
JIETE J I AR 1) 050 B 5 e R0 D 5 5 0 1) A R0CT S
ko A EBZE R Gd HEFTEE e, ey 510
SRR AR, B G XHHES FP R
IR W% K 505 nm. 5K 2 Ca) 7w WO 3
Kl 6(a) R g M 25 R W & . B, Sk
K 500 nm W}, F-P HARAE IR N 7 A 55k, 1
T OG5 S5 B AR FH R AR TR R Rl X
SR B K A WG | H L o3 A IR B K R
2340 nm 5 3600 nm B, F-P FL4E 14 T 9% e 55 0%
s Be TR B R TR AR N B IR 0 . A BT 1A
6 (d) ~ (D IF ¥R I K A B 0437 53 A AT 0, 7RI BRI K
Ak, il S DX B T 4 v T A B S B T TR BT
AR I Y L ) 3Ai E 4 8 (TD 5 AR (SIO) ZE N .
SRR AEA S CRE T, & 08 277 8 0 i AR A% T
IR 5 A IR AR B AR R R R T Rk
T 45 B8 TR B0, BB 9l R A A R T S S R
AN TEL 6 Ced i, BUR 77 A 1Y LSPs i #E G 2 1
ZR g, HAE T2 Ti 2 AL 5 3% 1w 55 5 ¥ oc
(propagating surface plasmon polaritons, PSPs) #f
BN, f AT I, LSPs 5 PSPs (77 Az {75 W i
SRR T H RS R U SR TR Rk, LA
SR, MGMA (1 75 W i %8 32 8 05 RT3 1 4
B TR BOT R SR S R OT A S R

1823001-6



F 415 F 18 HI/2021 £ 9 B/ ¥R

El/(V-m™) E1/(V-m™) LEl/(V-m™)

12 2.8
1.0 25 2
— | — 2.2 3.1
=0.8 £19 ~926
o] los i ig 121
0.4 10 I8
- 1.1
0.2 0.4 0.6
0 0.1 0.1
H1 /(V-m) =1 /(V-m") =1 /(V-m")
@ 15 @ 46 @ s
e 40— o | 4] — —-l
35 3.6 4
1., I |, . |

£2.0 2.1

1.5 1.6
1.0 1.1
0.5 0.6

x

6 AR AL y=0 Vi LB El 5#3% HI K53, () (d A=500 nm; (b)(e) A=2340 nm; () (D) A=3600 nm
Fig. 6 Electric field |E| and magnetic field | H| distributions in y =0 plane at different resonance points.

(a)(d) A=500 nm; (b)(e) A=2340 nm; (c¢)(f) A=3600 nm
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