%44 % B 5HI/2024 &£ 3 B/ SR

K EHRIK

A DU 0 g O 22 e W s B v

ke, AR

AR, 205

LT AR IO RS A B LA B, P ¥ 0306195
SRR S TR, P KR 0300515
TR R, WOCRE B A BT EE 4072

Iy MR U N8 ) B N U o N 7 2 @ N i I P @ e S AN i A =2 Y= e = A 2 NS [ =S = R P & 1
RZ & m A i, B2 R, 78 0~10 THz it [l N, WU 5888 18 90 %6 19 W ey 2847 4 4>, 7y 98 43 51 2 0.87,0.58,0.61
0.45 THz, B 8P SR M 2840, IR AT 1R 7.7 % ~99.9 % 5 B N sh 287 . 51 A BH T IS e B3 vk A FL-3A 2 4t
P BEIE A RE T O 0 BEALEL , IR B g 0 A e T T 2 S SE MO M BEOR UR o A I W I A LA D TR AN B
JER)™ A WS A R A, AT FE SRR ST 2 A T R e B R S AU ] o

K LA AR KBRS TR RS s T

FESES 0441 XHARER A

1 5 5

FL 68 AR R FH B A AR N T3 A1) BT 2
My, B —Se i 1SR ME R A4 PE . A N ST B R A
R A JE LR A R A AR AR R AR S R B R B R
BRI TR . M RHEAR 2 A B & SR N
Fban og e ik R aE s M ROE S A
Hodr, | OEE — A B A RL 58 22 WU 2% (MPA) # Landy
SRS, MPA TE DR R S AR W A K
i AR SRR R AR A R TN Y PR T R
/M N

X L8 MPA K H43 J2& BUIR e X 5 22 00 05 1Y), 81
ik % felt SR T 0 R A s I A K ) S R T B
A A BT S I R K B W R R A A AR A Y )
R, SRR S B IR TR R o A T A P )
W H SR AE R — 2 ot b R F B 30E A A E
L 2B . R0, X s AR b 44, B
F7 75 WA R 5 s IR B Tl AL T AT R, A R
TEH G T 4 Foa] AR B RE DT (3 3% 2 2% 4 14 o
HVERERENS W EEh i m . A AL (VO,) & — ]
FER D BE M R, BT LRI O &, ST 4
GREH & EIRB WA, W, REEHRE T
FH VO, B8 584 MPA, 640 - Song 257 4 Hy — Fh
W R AR Ak 5 A 30 %6 ~100% By B 4 W e s, He rpng

DOI: 10.3788/A0S231751

R KT 90% AU AHF 58 o 0.33 THz; Hu 557 41— Fif
XL T W2, 95 %6 LA Wl 6 11 45 6 0.5 THz Al
0.6 THz. Huang "% T —Fh 80% L W e (1)
M543 R 0.88 THz 1 0.77 THz i WL 55 A7 1 U #5 .
B2, 3 26 MPA ¥ 47 78 450 B 2 O B0 B0 1)
[i) R,

R 22 A RO Wl 2% & ity 2 4, T AR IR IR 2
W (R SEBR b 4SS [R) /0N (0 15 R 2 20 A 1
Gl R AR R A0 R IR A 0 AR LR F AR R K, AR
ANTR] RS B 8 A 5 52 B0 4 AN A0S LA 0 ) 08 i 2 2
A RAERT o A AR Y 2, fie i — 28 /N 21 19 BF 5% )
B R T AR g I RS e i, R B AR s 2 R
SEAME A F S A B AR S BT U R I AR —
T50% . AW, ZR Gtk 2 00 | S8 A0 AT IR X 34
R AT — AR A R S TAE

A 4R — R E 0~10 THz N B A 44 5678 1
R 2% W 2%, L85 K 55 Sk TR B BB I BE BE Ok
REAR AL, BT 4 W Wi 8% B9 W R AE 7.7 96~99.9% N B
AN TS T Wk s AY T2 R Al A R Z AR Ak X
WS 2 Pk B B 52, A BT T 4 A I W0 Y AL B RN Sk
NS T I NG o D Ol e AR A
AR GE AT DAAE — 5 BEE AR F A 4 AL IR AR R A
1A 45 R %% 25 1 19 02

i BEEE: 2023-11-07; 1B BEH: 2023-11-30; FABHI: 2023-12-13; MEEHEEZBH . 2023-12-23
HEWHE: HEAKREIES(61501213) 1 4 Fa AT 1101 (H BRI FAEREF 55T H (202203021222127) (1L P T

AR Ml R R F 2 6 (KJ202221)
BE1EE . zhangting_cai@163. com

0523002-1


https://dx.doi.org/10.3788/AOS231751
mailto:E-mail:zhangting_cai@163. com
mailto:E-mail:zhangting_cai@163. com

a4 % F 5 HI/2024 £ 3 B/EER

2 GBI ik

JIT BT AR B R W A o = 2 A, R
VO, 2, iH 22 A A (SIO) 2, FTEES
(Aw) B 2, 1B 1 Ca) g W3 1 B 51 25 1 o 3 ]
JEJZ Auf L § R 6, =4.56X10" S/m, B E N 0.2 pm .
a2 S0, B AH XF A L B eg0,=3.9+0.031, J& B
H 30 pme VO, Z W EE R 0.2 pm. W I 451
PTG Y AL B 1 (b) B s, BT BE B R IE R,
NEK R po VO,EIE N+ I8 I Y U, 5 DU Xt
FRor e P, FFEIRK L, WERK N L, %
w=w,, W PO X, Sk, B 1
p=75pm.[,=68 pm.L=19 pm ., w=w,=9 pm .
X=21 pm,

R T A RO 5T W R P BE SR 3 T R AL
AR Y 0% 15 E K P CST Microwave Studio 2020 %
PR SE B UEAT 5 B, VO, RG24 P B W] LA Drude 5
RUSTAR  H

@

(o)
weriyw’ (v
K:e =12 N T MMy =5.75 X 10" rad/s
Bl 18 451K 5 w0, (o) A LS RO 5 5 F (A0 3, mT i DL S

2 o, 5
1 w;(o):;w;(ao),,ﬁ;‘# o,=23x10"S/m,w,(0,)=
0

1.4 X 10" rad/s;w R fA %

ZHTR R R WY, Y IR 298 KO i) 3 i 2]
340 K, VO, 23 N A5 56708y 4 JB 25, o 56 m]
PAM 200 S/m 5] 2X10° S/m"™ ™,

W 7% B W 0 R A (w) BT 3 7 B3R B
B ARBS(w) 135S RES(w) K, W A(w)=
1*R<w)*T(w):1*‘Su(w)’2* 521<w>‘2,/H\EP,
R(w) R, T (w) iG55 A S 7E 4w W
Hh I e R TR B A D TR R A R R B B A58 G R
T(w)BEI 0, WL, WY E T LI N A(w)=1—

e(w)=e —

R(w)=1—]Su(w)| ", AT W, 24 & 554 O, 7] L
25 A
o) YA

P,
, — K
g _ 1
> /Cén\/ ‘ VO,
w, s, | !
. .
\ | Au x

P S RO e 254 P o (a) B AN B 1A 5 () 54> B 5T TR 14

Fig. 1 Diagram of broadband absorb structure. (a) Schematic of complete array; (b) top view of unit
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Fig. 2 Absorption and real part and imaginary part of the permittivity with different conductivities of VO,. (a) Absorption with different

conductivities of VO,; (b) real part of permittivity with different conductivities of VO,; (c) imaginary part of permittivity with

different conductivities of VO,
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Abstract
Objective Since the first metamaterial perfect absorber was proposed by Landy ez a/., it has been widely developed due

to its potential applications in the fields of microwave radiation measurement, biosensors, thermal emitters, and imaging.
Many existing absorbers face the issue of narrow bandwidths, which fail to satisfy the demands of some optoelectronic
devices. To solve this problem, it is common to construct different patterns in the same layer or stack multilayer structures
with different geometrical dimensions. However, these structures are often complex, and the absorption rate cannot be
actively adjusted. Therefore, phase change materials have been introduced to regulate the absorption rate of absorbents,
and vanadium dioxide is one of them. There are many absorbers designed with VO,, but the absorption bandwidth and
band number need to be further increased. Therefore, combining the characteristics of multi-band, wideband, and tunable

absorption remains a meaningful endeavor.

Methods

microwave simulation software CST Microwave Studio 2020. The metamaterial absorber in this study consists of three

To effectively study the performance of the absorber, the proposed structure is analyzed by using the

layers: the top layer VO,, the middle layer SiO,, and the bottom layer Au. When the conductivity is adjusted from 200 S/m
to 2X10° S/m, VO, will change from an insulator to metal, which can be simulated by input conductivity parameters
through the Drude model in CST software. The absorber’s absorption can be obtained through one minus the reflection and
transmission. Since the penetration depth of the incident wave is smaller than the Au thickness, thus the transmittance is

zero. Perfect absorption can be achieved when the reflection is also zero. Material selection and structural design are used to
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achieve impedance matching, ensuring zero reflection and ultimately realizing perfect absorption of multiple broadbands.

Results and Discussions The simulation results show that there are four absorption bands with more than 90% of
absorptivity in the range of 0-10 THz, covering bandwidths of 0.87, 0.58, 0.61, and 0.45 THz, respectively. With
variations in the conductivity of VO,, the absorptivity dynamically adjusts between 7.7% and 99.9% (Fig. 2). The analysis
finds that with the change of dielectric constant of vanadium dioxide, the resonant frequency remains almost constant,
while the absorption rate changes significantly. The Fabry-Perot resonance theory and impedance matching theory are
introduced to explain the effects of the dielectric layer and the VO, layer on the absorption (Figs. 3-5). The physical
sources of multiple perfect absorption peaks are analyzed through the electric field distribution (Fig. 6). Additionally,
changes in absorptivity with different incident angles and polarization angles are analyzed (Fig. 7), which shows that the

absorber has the characteristics of polarization insensitivity and wide-angle absorption.

Conclusions We describe a terahertz absorber with four absorption bands, dynamically adjustable absorptivity, and a
simple structure. Simulation results indicate that within the range of 0-10 THz, there are four absorption bands with
more than 90% absorptivity, and their respective bandwidths are 0.87, 0.58, 0.61, and 0.45 THz. The absorptivity can be
dynamically adjusted between 7.7% and 99.9% by varying the conductivity of vanadium dioxide. The physical mechanism
of the absorber is explained using impedance matching theory and Fabry-Perot resonance theory. Through the analysis of
the electric field distribution, it is found that the first broadband absorption is mainly caused by the local absorption of VO,,
while the second, third, and fourth broadband absorptions result from the resonance absorption of multiple electric dipoles
on the surface of VO,, coupled with the coupling effects between the dielectric layer and VO, and the metal layer.
Additionally, it has the features of wide-angle absorption and polarization insensitivity. This absorber has potential

applications in micro-radiometers, biosensors, stealth technology, and other fields.

Key words optical device; metamaterials; terahertz absorber; tunable absorber; broadband
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