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Localized surface plasmon resonance based tunable dual-band
absorber within 1-10 pm
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(1. State Key Laboratory of Infrared Physics, Shanghai Institute of Technical Physics, Chinese Academy of
Sciences, Shanghai 200083, China;
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Abstract: The sub-wavelength artificial metamaterials which demonbstrate nearly-perfect absorption of
a specific wavelength can overcome the defects of low absorption efficiency, large thickness, and
working wavelength limitation of band gap in the infrared photoelectric device application. In this pa-
per, a metal/medium/metal structure is used to construct a sub-wavelength structure that can be pre-
pared over a large area, which can achieve dual-band infrared perfect absorption in the 1-10 pm band.
Through analyzing the results of Finite-Difference Time-Domain simulation and experiment, we be-
lieve that the high-frequency absorption peak of the absorber is mainly derived from FP resonance inter-
ference enhanced absorption; while the absorption peak in the low-frequency infrared band is mainly
due to the excitation of the electric dipole resonance and the magnetic resonance mode. By adjusting
the size of the upper layer of gold particles in the way of annealing, the positions of the two absorption
peaks can be effectively regulated.

Key words: metamaterials, nearly perfect infrared absorption, localized surface plasmons resonance,
F-P resonance
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Fig. 1  Structure schematic diagram of the infrared super ab-
sorber. From the bottom to the top layer are Ag substrate
(thickness is more than 100 nm) , silicon film (thickness is

d. ) and Au nanoparticles.
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Fig. 2 Simulated reflectance spectra based on FDTD solutions. (a) Reflectance spectra of the structure with thickness of silicon
membrane d=72 nm, thickness of Au nanocubes /=16 nm, side length w=(p-10) nm, and variable period p changing from 100 to
500 nm. There are three absorption peaks appeared at the spectra, recorded as Peak I, Peak II, and Peak III, respectively; (b)Re-
flectance spectra mapping of the structure in (a) with p changing from 0 to 500 nm. (c) Reflectance spectra mapping of the sample
with =16 nm, w=174 nm, p=184 nm, and variable d changing from 0 to 500 nm. (d) Reflectance spectra mapping of the sample
with d=72 nm, =16 nm, p=500, and variable w changing from 0 to 500 nm.
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Fig. 3
peak is denoted as Peak 0. (b) The calculated reflectance spectrum of Ag/Si/Au nanocubes, with =72 nm, =16 nm, w=397 nm, p

(a) The calculated reflectance spectrum of the sample Ag/Si/Au film, with =72 nm, =16, w=p=407 nm. One absorption

=407 nm. Three absorption peaks, Peak I, Peak II, and Peak III are recognized in the spectrum. Calculated electric field |E| (c),
and magnetic field |H| (d) mapping of Peak 0. Calculated electric field |E| (e¢), and magnetic field [H| (f) mapping of Peak L. Cal-
culated electric field |E| (g), and magnetic field [H| (h) mapping of Peak III. Calculated electric field |E| (i), and magnetic field

[H| (j) mapping of Peak II.
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Fig. 4

of the experimentally fabricated infrared super absorber

(a)Cross-section view, and (b) top view SEM image
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Fig. 5 (a) Fabrication procedure of the infrared perfect absorber, 1. Ag film;2. Ag/Si; 3. Ag/Si/Au; 4. Ag/Si/Au nanoparticles,

(b) In order to characterize the optical properties of silicon membrane, FTIR (black line, 1. 2~10 pm) and UV-VIS spectrophotom-

eters (red line, 0.2~2. 5 um) are used to measure the reflectance spectra of the Ag/Si sample ranging from 0. 2~10 um. (¢)The FT-

IR based reflectance spectra of the 1-4 samples(1. 2~10 pum).
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Fig. 6 The simulated and measured absorptance specatra of
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