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Visible-near infrared light superabsorption of aluminum-based
planar metamaterial
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Abstract: The enhanced visible-near infrared light absorber has important application potentials in many fields such as
photoelectric signal conversion, detection, communication, and sensing. In this paper, based on the principle of Gires-
Tournois resonator resonance absorption, an all-aluminum-based planar thin-film stacked metamaterial light wave ab-
sorber is proposed. The device is composed of a sub-wavelength AlI/Al,0,/Al three-layer film structure. Through opti-
mal selection of appropriate parameters, the absorption peak position is continuously adjustable from visible to near in-
frared, the absorption peak is close to 100%, and the variable angle reflection spectra show that the device is not sensi-
tive to the incident angle. The theoretical calculation results are in perfect agreement with the experimental results. The
absorber with a perfect absorption wavelength near 500 nm heats up rapidly under 532 nm laser irradiation, and the max-
imum temperature can reach 55. 4 °C, indicating potential applications in the field of photothermal conversion.

Key words: gires-Tournois resonance, near perfect absorption, light-to-heat conversion
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Fig. 1 Preparation flowchart of aluminum-based electromag-
netic absorber (a) Silicon substrate, (b) Silicon substrate/alu-
minum film, (c¢) Silicon substrate/aluminum/alumina film,

(d) Silicon substrate/aluminum/alumina/aluminum film
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Fig. 2 An absorber with a three-layer film stack structure

(a) Schematic structure, (b) SEM cross-sectional view
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Fig. 3 Reflectance spectrum curves of the absorber (a) The
experimental reflection spectrum curve of samples with alumi-
na thickness of 63 nm, 73 nm, 81 nm, and 90 nm, (b) The
simulation of samples with alumina thickness of 63 nm, 73
nm, 81 nm, and 90 nm. Reflection spectrum curve, (¢) The
experimental reflection spectrum curve of samples with alumi-
na thickness of 105 nm, 117 nm, 136 nm and 146 nm, (d)
The simulated reflection spectrum curve of samples with alumi-

na thickness of 105 nm, 117 nm, 136 nm and 146 nm
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Table 1 The relationship between the thickness of alu-
mina and the peak position, bandwidth and

range of the devices’ superabsorption

SRR L R W

nm nm

63 504 231 417~648
73 567 246 474~720
80 630 279 525~804
90 687 312 573~885
105 891 432 717~1 149
117 963 462 777~1 239
136 1098 537 894~1 431
146 1176 540 960~1 500

SR G s T A, TR 4 T A PR R R s
(RIS R BG4 A9 W ATy 8 A8 27
PRt , 38 i S B ik, FAT T B 5 nm J5 B U= 4
HARAT TE T AR o

FEXTBCT B AR PR AR BAT T ST BR 22 ik

Zone 0 Air
Zone | d, Al
Zone 2 d, AlLO,
Zone 3 Al

K4 aR At s IR

Fig. 4 Schematic diagram of absorber structure
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Fig. 5 Optical parameters of each layer of 100 nm Al/63 nm
Al,0/5 nm Al (a) 100 nm aluminum, (b) 63 nm Alumina,

(¢) 5 nm aluminum. The black curve is the refractive index n,

and the red curve is the extinction coefficient k
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Fig. 7 Variable angle reflection spectra of the device under

1500 500 750 1500

different polarization states. Experimental (a-c) and calculat-
ed (d-f) reflectance spectra as a function of incidence angles

under different polarization conditions
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Fig. 8 The electric and magnetic field distribution at the reso-
nant wavelength of the sample at 8° incidence (a) The electric
field distribution at the xz longitudinal section (y=0 nm), (b)
The magnetic field distribution at the xz longitudinal section (y

=0 nm)
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Fig. 9 (a) Diagram of the experimental setup of the electro-
magnetic absorber for light heating, (b) The heating curve of
the sample under 240 mW laser power, (c) The heating curve
of the sample under 300 mW laser power, (d) The heating
curve of the sample under 440 mW laser power , in which the
black curve is the room temperature change curve, and the red

curve is the sample temperature change curve
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