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Fig. 2 Dielectric constant versus wavelength. (a) Dielectric constant of TiO,; (b) dielectric constant of LiF; (c) real part of dielectric

constant of VO,; (d) imaginary part of dielectric constant of VO,

W1 3

AR SCYET IR 2T A2 W 3 TN R L
3 H T R A R R AE T B IR 4 L
F TE A W b R G W S R DR S1OL WM . A
FH RV RE B 77 22 76 SO, W 15 1 1 46 VO, W ot — 2
B — )2 SIO, M . SRJG , 7 S10, W L F 21 e b
Ve T T B L TN 1 P S (PMIMLA) 56 Z i, 1) FH L 7 3
MESG WY K H AR LiF B R R S5 . R
F LT AR LIF J2 |, 3086 20 i B 19 LiF 4549,
AT &5 44 2 T UL AR ) THO, 58 B il 4

AR A BRI AT B ANRIT S K7
A AR o, TN @ 76 X ALY J7 [0 3%
JE I VE 1 5 A, Z N TE 57 ) 34 R 30 M 3 11 3
B RS AR T A(w)=1— R(w)—
T(w)=1—|Su| —|Su| %8, Kt , R(w)=|S,|
AT (w)=|Sy| 4851 XN 5% MGE 5% hF
% 25 TR T SR FHIJEL 408 J5E 14 4 Y AR OR BEL 4 3 5, DA it
S| =T (w)=0, B stk i 2 Wiz 28 119 W Wig 3 3
Alw)=1—R(w). T 5 W% 0% i £ 14 W2 Ui L BE
FATARALL T 40 A, i 25 1 7 AR K B BT, B

1+S8,)—S; t
Z,:/Uljg K K i3 3% S, =0, Bt DA &5
(1—8S,)—S%

1+Sll

Ha0 X BELGE AT B i Z, =

XN

3 ARG

M VO, H SR K 2X10° S/m i, £t ik, 3%
AR 8 — R S5 W BT a5/ i A p=6.3 pm,
2 AuE R h=0.5 pm, N Z &2 H 4 R 2 Si0, 1
JERE h,=1.2 pum, VO, JE B h,=3.0 pm, TiO, 2 & #%
Y LIF -+ F3JE E h=4.5 pm, KT E S 258
B W,=4.9 pm, B E )2 0 % F W,=3.5 pm, Tit
WEAEPFHA LIFEEARNK RN a=3.2 um, 5N
b=1.6 pm, TF I TEHN c=0.6 pm,

3.1 WRULES AR AL B

KRG B H, 25 0° A, 18] 3(a) 45 1 T %
IR I I8 K AR AL I i R TR TET 3( ) 4 T IR AR o OB
IS AR U =S L

M 3Ca) AT DL & B, FE RS 4 (TM) I Fl B i (TE)
P07 S I, W i 2% 75 16~60 pm 38 4 38 Bl P 1% 12 i
FA[ LK E 90% LA I, i AE 21~26 pm  28~36 pm
F42~53 pm 1 K S Bl I e 8T DLk 31 98 % DA I .
W e il £kt A7 F 11 pwm B IE B9 p, I L 24 pm B I A9 p,
W 30 pm BT 4 p, W T 50 e BT 4 p, 08 I A W i e
. M 3(h) AT LLE X A 19 5 067 1 DA 073
JE] 90°HF | W Y H Fe AR AZ 52 W o H T 45 4 1 4] BR
P W #% 5 WAl AS SR

2 TE i A TM 3R GBS, W5 04 W i % Bl
WK A A G AR S R R 4 7R . 24 A ST £
P 0°~60°2Z 8] A8 fL B, W e 3 35 Al R 5 4E 80 %% A2 40 o

1913001-3



2 50% 5 19 #1/2023 £ 10 B/ E# ¢

@ 1.0 =TT T—‘\“'\
08 -T;' LT P
g aal
02 e TE
™

10 156 20 25 30 35 40 45 50 55 60
A/um

Absorptivity
(b) l 1.0
= | o8
° 0.6
o0
8
% 04
g
< 02

010 15 20 25 30 35 40 45 50 55 60
A/um

3 AR R O B IR A3 B R 5 32 £ B 2 A o () WSO B I A9 728 1 5 () IR WA 3 Bt I R 5 o 14728

Fig. 3 Dependence of absorptivity on wavelength and azimuth angle when incidence angle is 0. (a) Absorptivity versus wavelength;

(b) dependence of absorptivity on wavelength and azimuth angle
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Table 1 Comparison of main performance indexes of infrared absorbers

Reference Absorption Bandwidth /pm Relative Average Dielectric Adiustability /%
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Abstract

Objective Metamaterials are artificial composite materials or composite structures composed of unit structures with a specific
spatial arrangement and have extraordinary macroscopic physical properties. They are widely used in energy-harvesting,
subwavelength imaging, perfect absorbers, and photovoltaic devices. Once the structure is established, the common metamaterial
electromagnetic absorber can only achieve specific absorption in a specific wavelength range, without tunability. Tunable materials are
integrated into the metamaterial absorber to realize a tunable metamaterial absorber. Because the tunable material VO, has the
characteristics of fast response and high regulation intensity, most of the reported VO,-based metasurface absorbers are concentrated
in the visible and terahertz bands, and relatively few studies have been conducted in the infrared band. Therefore, metamaterial
absorbers operating in the infrared band have attracted much attention in research hotspots. Thus far, it has been difficult for existing
infrared absorbers to achieve both ultra-broadband absorption and tunability owing to limitations such as material loss and fabrication
precision. In this study, an ultra-broadband infrared absorber based on VO, is designed with a simple structure, wide absorption

bandwidth, and wide tunable range.

Methods In this study, a truncated four-layer infrared tunable broadband absorber based on the phase change materials VO,,
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titanium dioxide (Ti0,), lithium fluoride (LiF), and SiO, was designed. The finite element method was used for the simulation using
the COMSOL Multiphysics simulation software. According to the different material properties, the corresponding mesh division was
performed on the domains, boundaries, and edges of the different materials. Simultaneously, the infrared rays are incident along the
wave vector direction, the incident angle is @, and the azimuth angle is ¢. Periodic boundary conditions were set in the X and Y
directions. Periodic port boundary conditions were used in the positive and negative directions of the Z-axis. The two ports were set
with one open and one closed. Subsequently, according to the requirements of the absorption curve, the parameters of the research
band were scanned, the structural parameters, incident angle, and polarization angle were adjusted, and the parameters were
repeatedly optimized. At the end of the simulation, the magnetic field and electric field distribution maps at the corresponding

structural positions in the corresponding bands were derived.

Results and Discussions When the conductivity of VO, is 2X10° S/m, after optimization, a set of optimal parameters are
obtained, namely: the period of the cell structure, p=6.3 pm; the thickness of the bottom layer of Au, 4,=0.5 pm; the thickness of
the Si0, layer, h,=1.2 pm; the thickness of the VO, layer, h,=3.0 pm; the thickness values of the TiO, layer and the nested LiF
cross ring, h,=4.5 pm; the width of the bottom composite layer, W,=4.9 um; the width of the top composite layer, W,=3.5 pm; the
length and width of the two LiF rectangular rings in the top composite layer are a=3.2 pm and 6=1.6 pm, respectively, and the ring
width of the cross ring, ¢=0.6 pm. From Fig. 3(a), it is observed that when the transverse magnetic (TM) and transverse electric
(TE) waves are incident at 0°, the absorptivity of the absorber exceeds 90% in the wavelength range of 16—60 pum, including the
wavelengths of 21-26 um, 28-36 pm, and 42-53 pm. The absorptivity in this range could exceed 98%. The absorption curve consists
of four absorption peaks: p, located near 11 um, p, located near 24 pm, p, located near 30 pm, and p, located near 50 pm. As shown in
Fig. 3(b), when the azimuth angle of the incident wave increases from 0 to 90°, the absorptivity remains stable and basically
unaffected. Owing to the symmetry of the structure, the absorber is polarization-insensitive. Figure 4 shows the contour plot of the
absorptivity of the absorber as a function of the wavelength and incident angle when the TE and TM waves are incident obliquely.
When the incident angle is varied from 0 to 60°, the absorptivity is maintained at approximately 80%. Figure 5 shows that the
absorption mechanism of the ultra-broadband absorber is plasmon resonance. Figure 6 shows the graph of the relative impedance of the
structure as a function of wavelength, indicating that the relative impedance value of the absorber in the corresponding band matches
the relative impedance value in the free space. Figure 7 shows the absorptivity curves for different structural parameters and the
corresponding magnetic field distribution diagrams used to determine the optimal parameters. Figure 8 plots the change in the
absorptivity of the absorber with wavelength when other structural parameters keep the optimal parameter values constant, and the
VO, conductivity changes. Finally, Fig. 9 shows that the absorber with the LiF cross-ring pattern has a significantly higher
absorptivity when the structural parameters are the same and the TE wave is incident vertically.

Conclusions In this study, a dynamically tunable ultra-broadband angle-insensitive infrared ideal metamaterial absorber based on
VO,, LiF, and TiO, was designed. When the TM and TE waves are vertically incident, the absorptivity is greater than 90% in the
16-60 pm band, and the absorption bandwidth can reach 54 pm. The absorptivity rate can reach more than 98% in the wavelength
ranges of 21-26 pm, 28-36 pm, and 42-53 pm. The TM wave and TE wave polarizations have incident and polarization
insensitivity, and the absorptivity of the absorber is tuned by adjusting the conductivity of VO, from 20 S/m to 2X10° S/m. The
metamaterial is expected to have a wide range of applications, such as polarization detectors, thermal radiators, and infrared sensors.

Key words optics at surfaces; infrared absorber; ultra-wideband absorber; VO,; LiF; Ti0,; surface plasma resonance
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