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Dual-band metamaterial absorber based on black
phosphorus and its sensing characteristics

ZHENG Shengmet, JIANG Xiaowei, JIANG Dafei, WANG Lin
(College of Information Engineering, Quzhou College of Technology, Quzhou 324002, China)

Abstract: In order to realize dual-band perfect absorption in the infrared wavelength range, single-layer black phosphorus
ribbons were arranged in parallel with alternating carrier doping concentration. Theoretical analysis and optical simulation were
performed to get absorption spectra and sensing characteristics of the device in the infrared wavelength range. The results show
the proposed device can achieve dual-band perfect absorption (>99. 9% absorption efficiency) in the 2 pm~5 wm infrared
wavelength range. The high absorption is caused by the critical coupling of incident light to the device, and instructive resonance
is formed; the on-resonance light is restricted around black phosphorus; the dual-band absorption characteristic of the
metamaterial makes it an ideal sensor with high reliability and accuracy; shift of absorption peaks is almost in a linear relationship
with change of refractive index of cladding material. The margin of error between the calculated and actual refractive index is
within 1%. The simple structure and reasonable tolerance in dimension deviation make the proposed metamaterial a good
candidate for applications such as multiple-band absorption and sensing in the infrared wavelength range.
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Fig. 1 Schematic diagram of BP structure and relationship between effective

permittivity and wavelength
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Fig.2 Unit cell of the designed BP based dual-band metamaterial
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Fig.3 The simulated absorption spectra as a function of doping concentration
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fitting curves
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Table 1 Comparison between our refractive index sensor and other reported refractive index sensors

sensor material resonant wavelength/frequency N S'/RIU™! FOM/RIU™ reference
black phosphorus 4.16 pm 1.4 um/RIU 0.34 4 [24]
borophene 1.585 wm 560 nm/RIU 0.35 5.5 [31]
black phosphorus left peak 8.802 pm 140 nm/RIU — 125 [32]
black phosphorus right peak 8.807 pm 180 nm/RIU — 261 [32]
black phosphorus 7.7 pm 2 um/RIU 0.26 0.29 [33]
black phosphorus 19. 06 THz 7. 62 THz/RIU 0.38 — [34]
black phosphorus peak 1 7.6 pm 2.4 pm/RIU 0.32 4.8 [35]
black phosphorus peak 2 8.3 um 3.0 pm/RIU 0.36 4.2 [35]
graphene peak 1 23.5 pm 3.98 pm/RIU 0.17 16.6 [36]
graphene peak 2 24.3 pm 4.13 wm/RIU 0.17 20.7 [36]
graphene peak 3 27.8 pm 5.06 pm/RIU 0.18 18.1 [36]
graphene 3111 pm 13. 67 pm/RIU 0. 44 6 [37]
MoS, , peak 1 583 nm 500 wm/RIU 0.86 — [38]
MoS, , peak 2 770 nm 200 nm/RIU 0.26 — [38]

black phosphorus left peak 2.863 um 629. 1 nm/RIU 0.219 3.12 our work

black phosphorus right peak 3.566 wm 666. 2 nm/RIU 0.187 4.34 our work
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Fig.9 Absorption spectra as a function of wavelength when refractive index

of the cladding n is 1, 1.45 and 1.55 respectively
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Table 2 Comparison of the calculated refractive index and actual refractive

index
actuz the calculated n the calculated
da:dl ¢ ;jo;u ; ean error/ % ¢ ;i):nu ; ean error/ %
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