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Abstract This paper proposes a dual-control adjustable terahertz metamaterial broadband absorber based on a mixed
material of graphene and vanadium dioxide (VO,). The absorber has the advantages of simple structure, switchable
absorption/transmission/reflection, and large modulation depth. The absorptivity control of the absorber can be achieved
by changing the phase transition characteristics of VO, and the Fermi energy level of graphene. When VO, is in a metallic
state, the absorber can achieve broadband absorption with an absorptivity greater than 90% in the frequency range of
1.07-2.59 THz, and exhibits excellent absorption performance under a wide range of incident and polarization angles for
TE and TM polarizations. By changing the Fermi energy of the graphene, the in-band absorptivity can be dynamically
adjusted, and the modulation depth is greater than 67.2%. When VO, is in an insulating state, the device behaves as an
adjustable transmission mode regulated by the graphene Fermi energy level, with a transmittance modulation depth greater
than 40% . Furthermore, by controlling both the VO, phase transition characteristics and the graphene Fermi energy level,
the in-band absorptivity modulation depth of the absorber can be increased to more than 90%, and the maximum
modulation depth is 99.7%. The absorber realizes a terahertz dual-control absorber with good tuning characteristics

through two independently controllable materials, and has potential applications in the field of terahertz smart devices (such
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as attenuators, reflectors, and spatial modulators).

B 425 F148/2022 7 B/RFEER

Key words optical devices; metamaterial absorber; terahertz; tunability; broadband

1 5 5

Kk 25 A BHE Sy —Fp N T2 A6k, B M
BARE BT AS B2 B Il AR PR e aE B L 58 8 IR
U BRI Sl B SR il L AN HLE T B N FE TR
TR 2% IR A e — o X A S R G 0 LA R RO B £
P T8 TG LR % 4 i 0k 2 R R M AL & 2 N T v LA
YRR S E TR SR B R XE DL AE K b 25 D B S
UL E T W WAL, B AR I AT 88 5 Oy 3 — 45 3 11 F 5 A
FE T HL R RS PR 0B A4 R IR R E 2008 AF 8 IR R
W HAE 11,5 GHz B A IR K T 88 % . Bt , fiff
GEH T I M BETT T 4 ROl A Rl 28 H R £
B ST RS R A R AR N ) ) i RO T E R X
b BRI T N S PR, AT A £ D RE R A
L2 WA 2% A AR 2% B RiE R g b B A AR KBy N FH AN .

A1 B8 I 2 PR R B A R T TS AR AR AR T 4k

PR . A SR TR T AR TP T A R 2% I B R R
T A5 5 F R S0, 78 822 254 T 38 3 A0 in s & R A
TR BE G, MR e L SR A AT A AR
K, BT AR B AT R KRR 2% W R B AR B T i E
I, 45 T I 0 BRI 0 B TR R R A Al S
220G R AR GE . BRI, R 2 BUCR A B
S 4 K A 2% T R R A ) R R A BR L X — A
WS AR TR ZERRR N ENE,

9 A7 SR A, AR L (VO,) 38 IR 5L R 1) 46
-4 J@ A AR L 2006 4F |, Jepsen %57 Kk BLAE IR
T BE 24 R 340 K, VO, I B 53R 2 & A 5B 2
BERA LM E S SREZ MM, &, &
FIRA VOB KL, BF5E & 14 T Wl -1% i 5% 45
AT AT AR R - B Al B e RS AR
R AR L R UR VO, R I8 5 KB 2% 2%

(a)

m=vO,
I graphene

P I RE A R B — A . L, R T S B RBR 25 A
LR R B 2 B8 A T B 2 RE AL 8 R KRR 28 B 1R
R R B TR R R R AL R BRI R VO, S A — A
AR SO HE S R BR 2L R R R ik — 2 &
JEE A 1 JEL B R ik

ARSCHE T — R IR A B A 8805 AL LA
AR ELA R R ) T R 2% IR o % OIS T
W o X B R AR LA ok SE AR R 7R 107~
2.59 THz H 53 [l 4 52 B0 %K T 90 %6 1 56 4 T
W, FL A PN I YA % 1 mT 9 A KT 90 %6, B K Y AT
PRI 99. 7% o BRI E , 503 F B —nl i £ A
95 5V O, MR 5 S8 WIS 28 AR EL |, AR SCHE H G Wl 2%
AT R K o R A3 %) T R R R L L % W A o B - S S
Ty RE AT VI 45 1, 78 25 B OB 26 8 RE O B B b B
TRAE 1 N FH A 5%
2 GRS 5
2.1 FU=TFEE T WU SR &gt

FE T A B -V O, 1 R AT I K b 2% 58 W A%
45 A 7% B AN 1R o WO g B BT 4 R =
FEAHM: WEE A BIGEE BOIGEHIGRILEY
(Topas) #}JIE A VO, i , 5155 “MIM = B3R " 4514
ANTA] 2 AR G5 ¥ SR FHAH S MR VOB T T 0 & 8
J 5t 4% o Topas J&— F s B | B AT A I &b #4008 1 3L 3R
Yy, B e S i ARG T 2 T N e R L S
TR M2 2514 o AR5 E | Topas % JiE (14 A % 4 e %
B E R 2. 35" JETE Ay 27 pm, JEI p oA 44 pm,
VO, MR E B hyo, 0.2 um. 47852 H 14RO
S AR =18 pm (14 [ FN 4 A 23 A 7R R B f 2
#r,=10 pm A9 1/4 B4 A%, — F Z 8] 38 i 55 w=
0.2 pm M HETE R4 % 32 8 ok, DL S B0 % 22 19 L R
4l o

(b)

Topas

P L A0 - U A LI UEE AT I B 2% 5 WA s 45 1 7R BT L (a) = 2R 254 7 B TR 5 (b) SR OT 25 4 s 28 ]

Fig. 1

Schematic diagrams of proposed broadband terahertz absorber with dual-control adjustable property based on graphene-VO,

metamaterial. (a) Three-dimensional schematic of proposed absorber; (b) structure schematic of absorber unit
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Fig. 3 Comparison of simulated electric field distributions at each frequency. (a) 2 THz; (b) 3 THz; (¢) 3.5 THz
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