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Great Impacts of the Dielectriclayer in a Four-Fan-Rings-Shaped
Metamaterial on the Absorption of Electromagnetic Waves
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Jiang Xia Zhu Qing Zhang Wenchao Li Dongdong
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and Electranic Engineering, Jiangsu Normal University, Xuzhow, Jiangsu 221116, China

Abstract A metamaterial that acts as a strongly resonant absorber with a periodic structure in which each unit cell
consists of a metal-insulator-metal structure is presnted. The top metal layer consists of four-fan-rings-shaped gold
blocks. Simulating electromagnetic responses of the structure, the structure achieves a good absorption at visible and
ultraviolet frequencies is demonstrated. Furthermore, when change the shape, size and permittivity of the
dielectriclayer under the four-fan-rings-shaped gold layer, the dielectriclayer has a great influence on the absorption
of the metamaterial. Simulations show that the resonant frequency of the resonator ranges from visible region to
ultraviolet region when the dielectriclayer set to Al;Os;, four-fan-rings-shaped. and appropriate size. The great
absorption of the structure over 90% has the relative absorption line width of 0.76. The proposed structure provides
theoretical basis for the design and fabracation of the electromagnetic absorbers.

Key words materials; computational electromagnetic methods; metamaterial; simulation; dielectriclayer; four-fan-
rings-shaped; absorption
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Fig. 1 (a) Schematic of the structure of the metamaterial; (b) schematic of one unit cell with the dimensions of

a=390 nm, 6=>550 nm, ¢=80 nm, d=100 nm, ¢=48 nm, f=10 nm, =70 nm,», =150 nm, and g=10 nm
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Fig. 2 Reflectance (R), transmittance (T), and absorption (A) as a function of frequency
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Fig. 3 Schematic of the structure with the dielectriclayer changed. A four-fan-rings-shaped alumina dielectriclayer
is added under the same shape gold layer in Fig. 1, the thickness of the whole alumina dielectriclayer is
fixed with e = e+ e, = 48 nm, where ¢, is the thicknesses of the rectangle dielectric layer and

e, is the thickness of four-fan-rings-shaped alumina dielectriclayer
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Fig. 4

Absorption as a function of frequency with different thicknesses of the four-fan-rings-shaped alumina dielectriclayer

4.2 TREMITEEHEL

s116003-3




33 nm, JF—2 MU AN 5T )2 A BB RS B AR
WIS 2. AU SR AN 5 s . NI a] DR AR 502 A0 i i RO ), 254 i I SOz ka3
M BE A U B e B/ (e << D FELK (e = 4. 2) I, B5H TR A& WS B8 2 I 2 W ISR AR B0 T T R, 31X
W30 3o VEHUCG 38 (A0 52 190 L R B0 AT DABRAS S AR MR 4 2R

—— ALO,

| epsilon =18
L epsilon=8
epsilon=4.2
3 r epsilon=3
epsilon=1

Absorbance

0.2
600 800 1000 1200 1400
Frequency/THz

K5 A B2 v R AR5 R IS 26

Absorption as a function of frequency with different permittivities of the four-fan-rings-shaped dielectriclayer
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Fig. 6 Schematic of the structure where the four-fan-rings-shaped alumina dielectriclayer is changed to an alumina disk
with the thickness e; =33 nm. The thickness of the whole alumina dielectriclayer is fixed with e=e; + ¢, =48 nm,

where e, is the thicknesses of the rectangle dielectric layer. » represents the radius of the disk
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Fig. 7 Absorption as a function of frequency with different radii of the alumina disk shown in Fig. 6
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Fig. 8 Absorption as a function of frequency with different permittivities of the cylinder shown in Fig. 6
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