,%4% Jo i o 5 ot W o M

Spectroscopy and Spectral Analysis

B THEEM KA Kk 2 38 5 Al EE B A BRI s

XNpgaE, TR, EEF, BHEER, T &, TRMAK

WS R TR TR B NS IR 010021

OE OB BOR R CRRE  — A E IR AR L D RE AR I BTN T T A Y R A LR R S L
JH 18 45 22 A 0. LI b 14 8 1) A0 e R S 25 P LA T R P 2 L D RE AR — L PEREAR AR A RSB, O
LTTEWE L A 270 W L REFR BT A0 SR, PR T R 38 8 AR W WS % T8 T B T R B 2% 2 RE A 1 I B F 5
P o S BURBRHR W W W HSE  ) TR R TR O R T R IR R T BCHE R AR B R R 1 SR O b R
A BT Y LA RUST WA J5 T 8 % o BT T — i i 0 R 0 A A B Y R 2% S T R 9 R AR I AR
IR B LB TR AR YU IR )Z L S BRIRZ FIBE Topas A JBTRR I 19 45 J8 S 5T 2 . BUE R 5

FW YT EAAPM AL T 2 B RE GBSy 200 000 S« m™ ) HAT BRI PORREHR B 0.1 eV i, 1K
WA B A 90 76 M FE 7K 2 T 2. 8 THz. Sl I8 5 47 B8 1 PR RB L, (i HAE 0. 1~0. 3 eV Z [ AR fL
AR B LARBR R T B ERS . T T A BB R A 2 R R3S B 5 R IR A A A R R
HL & R HAE 100~200 000 S « m™ " Z (] A8 A I BT $2 1 AR 58 35045 K40 76 S S 445 R WA o8 7 A AR 28 =2 1) A
MU . BEAh . 3 53 50 M T %R A R I AR A 1. 87, 3. 04 A1 4. 16 THz = A> 5 5% 1% Wi e Ak 1ty 3% 1T AL L 23
v WE T CAESLER . Prisc bt (9 45 0 1 A S8 0 A0 AR AR U A ks r A T 007 S BT N I iR AR A

Vol 42, No. 4,ppl257-1263
April, 2022

0 R M 9 U A 5 O i 22 T R DR 4% A 1R BRI TR Y A e AR e

KR KL AT

FESHES: TN214 XEKFRIZED : A

5l

il

AT #H (metamaterials, MMs) 22— R iy & ) 44 HE 51 5 T2
BT BN N TR AME,. BH A RMETAR B &0
HHLBERT, Gl AT S R MEA RS B B2 RO
S0 ST AER TR T X SR IR B LR PR R BN T
o . TEAEY AR . AR S . ERBHEMITLEFH
SUSCELAT TR R R R EET . 2008 4F, Landy 45 2 3L T
T A A O MR S . S BRT X R A L A TE S8 RO L
ICER N S N N NG A &= g E R g Y € R
T B . R D B L 2T A i B LA R TT UL e BT (B
IR 43 14 8 M A} VR A% 1) 46— L A L I R
PEREAE AN FFBCAE Rl S0 0 0] ] A5 B 1) P U 1 R i
DAY J& 52 % 2275 I VR RE R B I R . TR 3 st ml A I
OB SR 9 FF R T oK H 2538 ). HORT, 7T 3R o oA iR
AN 4 B L 3 4 T 20 R R Y L A R A L R ROk

KB
E£mA:
EEEN:

2021-03-15, fE1THHA: 2021-06-01

* W INEH

VEH AR s A1 AR s AL
DOI: 10. 3964/j. issn. 1000-0593(2022)04-1257-07

ST ARAR B WA SR

A1 82475 (Graphene) Fl A 4L L (VO, ) R BL A 45 5 19 4 I
MPAN) 2 RE, ARBHESRESH S HKRBRA L.
DAL I AT LA o A0 0 e R R Ak 2 48 2 55 O s A SR e Y
TROKRE D » AT S5 BT 56 F v 2 0 1 o A ) I e 25 109 3l 25
. 2016 4F, Yao SF i it T — Bl BUSH B B R} 58 35 T Uk
Ao RS A 1RDE g oK R B SRR A R R i SIO, A R
B 1) 4 TR 2 AL, T DA Ak A H e O 2 g A A 0 1Y B
K BE G S BRI R A T . A AR AL R — e B A AR A
B ERESEEMEIRPERERERRE, BETiIEA
MR (68 °C) BF AL B R B A S Ak, T = T Il S I R A
RO & JE et b, v R R — e AR L AT
A Xt A SRR D ) TR R EAT I Fa . 2019 4F, Song SR T
BT AL B KR %5 T8 40068 MR IR s 2 o 3 O R Ok
BB AR R, MR REE N 10 S m B NE] 2 000
Sem 'EF, BRCER AN 3006 £z B B 100% 1, 2020
A, Li G T — oAb A SRR A B0 T] R 3 B 7 AR A Rk T i

E R B ARBA AT H (51965047) F PN 51 B 6 X BHE BT H (2020GG0185) ¥t Bl
XIS REBLE . 1997 4R, S K2 i T1F B TR B 0F ok

e-mail: 2834846930(@qq. com

e-mail: wangxin219@imu. edu. cn; wangjunlin@imu. edu. cn



1258 ik 56 4

%42 5

A, A A AR ROKBE R e Mg KT 1,18
THz (158 o 38 13 S8 o Ar 4L A0 e 5 58, A i
Wi & A LR 2 M N 28 %% B 99 %6 =2l P

R T ARAG M B R L MRS T B . TV AR IR i
P 8 0 9 0 AR IR R AR SCHR T — R T A R
N AR UG ORR 25 T A7 AT R R R R AR . % U
TFR AR IRZE . EL A BM)Z . Topas 4 B2 L &
2 A R AR AL . 4 AR R T A 4 RS B B
M 2K BERIE N 0.1 eV B, 7 1. 70~4. 50 THz J5i 45 N 3515
TIRIEEE T 90 % Lh R RE . 2 R LA R T
LERBRE A BB RORAEHRAE 0.1~0.3 eV Z A 2 {k
o SEAR RO T 2 & AR W B RS . A SRR Y SOk RE
TREEA 0.1 eV B, 3 5 I B 4 1 B — AR AL 1Y B S A
100 S« m '"AFLF] 200 000 S« m "B, TEAT AR A RHE 42 %
FA M 2 1) [ B4, sk, A BR OGO B AR AR CST %
TR AR 02 5 i 2 0 8 TR HL S 40 A E AT 05 EL 5 A T TR
T A S L O A R LB, AR ST A AT I T A R
WA IREZ AL, RS BaEfE. BTG
JER S U LA T PR R .

1 SEEGHR 4y

2 M0 B T A SR R AR B DR 2% B W] R I A
BRSNS R EENE L iR, EATWUZESEH,. AL
FETFAMN TR = R P IR BE 5 & S8 2 A
I . Topas A Ji )2 DL RJR )2 19 3% 22 4 B Al . Horp T A =4
WPLEIRES 5 X BTy ) 5 45°Je M HEF AE A1 AR i R m . S
FER Ti=2 pm; BJZABIGHIEEN T, =1 nm; Topas 4
JEARNF A HLH AL e, =2. 350, RN T, =14.5 um; K24
B RS E R 6=4.56X10" S m ' [ G HEEH K 4.
JEREESN T, =0.3 pm, HAGMRALW BRAASGHSEMT: L =
23 pm, L, =13 pm, W=1 pm, 25458 56080 P=30 pm.

E(x) P

1 ETRERTM_SUIANAHELER
BRI RS RER

Fig. 1  Schematic diagram of a terahertz broadband tunable

metamaterial absorber based on graphene and vanadi-

um dioxide

TEALYUALE 68 °C Zidy L T REAE K A DN 4 2 1R E) 4
JaAH AT E AR A o 2 R A LA T 4 Gt I AT LU AR S L
B e =9 BITCIRA I Ao IR A 2% B2 B AN 21 A0 0k B AO vl 1 3%

HABETENE. 4 AP T 4B A %R A A i
B e(w) I LU Drude R R™, B
w’ (o)

w72+j7w [@D)
KO, e RPN AR B ERH e =12; y=
5.75X10" rad « s™' R R o N TR AL R B S
R o NRBZWB MR o, NEE TERBR, aElE
N

e(w) = e.. —

() = Giw;im) &)

H@2)HF, 60 =3X10° Q!
rad « s ',

1 SR B2 B D T HE B A R A R, O B R
o, s R AR Ll Kubo TR R . A &
FETH L2y af Y S A A R AR ] o, A
20

cem ', w, (gp) = 1.4 X 10"

(@) = Ginue (@) + Giner (@) (3)
L 20K,T E
Ointra (@) = Znihz(aﬂriz’l)ln[ZCOSh<2KBT>} 4

oo

2 . —
gmxm::i{H(2J+§@JH%> H@mnk}(@
4h )

2 i

ol w fE KR 2E I A IREE, e S TR fT . Ky J2BER
252 H R, T=300 K W, a=h/2rn BAMLEHTHE, <
R AT, E R PORAES . ERBEEIBLA . MR ko<
2E B, 7 [A] M R 0T DL AN T, A 280 09 3% 1T H S SR
BT NS R, HIL, A 8051 £ H B S RFE LA Drude
BERDRH RN,
FE i
b’ w i !

MO EN, ASKHROESERT 5ANE
T 1 AR 28 DA R it B b AT AH G DA Ah, 1R 5 S R BB R A
Ko B, FRATE 4 R 0 AR ke AR A BRI 1
TORBEGR, HEMOM T R AR TR, ABBWIKRERE 5
it Al B L TR Ve Z 1) 56 R R

LE =8V VrlaVie | D

KD P, Vi=1X10°m s " HWKEE, a0 =9 X 10"
m e VIR

R PR B0 ELBCE CST 1 33 3R A 7% X 38 b1 ) 10 Wi 2%
MR EAT DT B AEO B R, OB 2% B W = A Oy i 1
HAWNBIGEHER, Bl EWE « #orm, #s HNE
IR, 2oy -TH B R JE MR 0 A 4% 1 Canit celD), = Bl
4] 15 Bl TP 3 3 4 4 Copen) o 55 41, 8 44 B0 R A 2% A 2
P AR Alw) = 1 Sy |2 —[ S P {8 HH . Hip Sy
HSor 43 9 F IR G5 4 14 52458 R BORGE ST R 8L

(6)

olw) =

2 #ZR51HE

AT BRI TR BRI N 0.1 eV H LB B
T3 200 000 S e m (AP JRARZO I, TR T B IR A
5 X §hE A5 Y AT X Al T R A% R e 1 43 i an 1



Bal

KL P A5 - TR T SRR I A AR BB DR 2% ST R R AR 1259

2@ AR, TER, M2 TFAEKRSS X e
ASTHRTIS o 7E 1. 70~4. 50 THz T8 W U7 Py % e 3% 88 ik
T 90%, HAE1.87, 3.04 f1 4. 16 THz = A~51 % 5 4b 0% Yk %
SrHEENT 99.10%, 99.95% A1 99. 65 % [ 5E S Wk, 24 TR
2 LR IREE S5 X AT E AR, 78 AE R ITBE N d5 i
RAUHE 50% o A T ilE— 45 W55 8 MR} 25 4 S B0 F % D A 1
PITZENLIE . A SCHI AT BEBT T BE 38 . Wl 28 i AE 0 BT Z
il LA ELAS SR A S SR ok, Ha A0

1+ S,)7 — S,

Z ==+ ‘ ; (8
(1—5S,)*— S
1.0
B e esswens
0.8 0
2.8THz (]
gosf H
El (]
2 .
204r S adstilto §
- aced at a ) tilt to ’
’ the X-axis ’
(] (]
02T (] (]
(] (]
(] (]
0.0 2 N PR B
"0 1 2 3 4 5 6
Frequency/THz
2.0

—_
(=}

=
=]

Relative impedance
(=1
Wi

-1.0 L L L L " "
1.7 21 25 29 3.3 3.7 41 4.5

Frequency/THz

P 2 Ca) I Ch) W FIA% B0 o 8 b A R g 25 AR % BEL 7 5
TR AN 2O R (D xR, HELER, HT2E
TFANERAE S X 2 45°Je . RO 09 48 X B9t
Z ST+ 1, 1R T 0, U I R YRR 1 B S
F1 ER 2 T A BELT AR D i, Ot e TR LA 25 85 ) X A S L i D 1) R
LT RZ A G H G 0 8 43 8 i 08 M) &5 4 T I
W, SEBLT RTS8 MM, Y TFRERS S X MEE
. AR RS BB B A e BT AS PE S, DA R I
TR,

1.0
(b) Placed perpendicular
to the X-axis
0.8
0.6

Absorption

Frequency/THz
4.0
(d Real(2)

3
(=]
<
el
Q
(=7
£
o
2
E -
&

3.0 F

-4.0

1.7 21 25 29 33 37 41 45
Frequency/THz

B2 MEIFRERFS XWHE 45°F /A (a) RLF[H R HRIE, (o) RUSF[ENERHOIHBMER; TEIFEIEIRES X
HER (b) WU 5 A RA L%, (d) TR 4 25 18 X BE 471 B S5 80 70 AR B0
Fig. 2 When the top I-shaped resonator is at an angle of 45° with the X-axis (a) the absorption spectrum of the absorber and (c¢)

the real and imaginary parts of the relative impedance of the absorber; When the top I-shaped resonator is perpendicular to

the X-axis (b) the absorption spectrum of the absorber and (d) the real and imaginary parts of the relative impedance of the

absorber

g TR 43 W i B 8 KB 22 T8 A I Wi I I i L
B, A REERKREES N 0.1 eV H R BB S
F A 200 000 S e m HF, 43X AR f1=1. 87 THz, f,
=3.04 THz. fy=4.16 THz b b R0 i 4% T2 TR JZ B
FETH LU A AT AT TR EL AT, AN 3 BTN . IR RN
f1=1.87 THz i}, T2 T 5 K13 PR 20 o0 3 0 09 L &2 o 4
T L8 A 45 B Bl EETR
PR T AR SRR K2 A R AR HL R Ty 1 S T2 L Ak
T AH B4 1 [l B OR TE B T AR AR AL R . 2 =3. 04 THz

Ak i THUZ 5 209 IR 0 SR TR RO B A 7E L B ER
B AW, WKLY £ =1. 87 THz 4 i W WL B AR ]
ARIETE AL B A AR L T AR RS2 BT X A S i R 3
oo HIERMARE 2 f; =4.16 THz 4, T2 T 83 4 4
TLAR AT Y HL A T A0 A T A L AR A Y T ] A6 By
1] 5 ) )2 B R AR 0 B R O il — B XORd TR A AL
kS Topas At R Z WA T R 10458 7 A Ik, 1 T
MR WAL ) 2 P E



1260 JERE A 565 A o542
MAX
Top layer
?gdf’)‘
P
’ff”ff’
L 2 AA AT AT Ax oax
2 217 7 A aw AR TE AR ax
,ff”ff f’f y AR AA AT Ax AR AA
2 X A LA
bottom layer ’f f’ ’f PR L) ‘K Y AR ;u’;' ;'a’ a’ ”’;”"
’fff’ff’f’)’f’ff’fff’ K\\ \\‘\K\‘\\'\K‘ \\K ax m AT AT AT Ax
r AN A
# 4 f’f’f’f'f'; ff’ o TR R RN x S W5 S e e e MIN
f’ f’f’f’f'ffff ,f’ \K "\‘\‘K‘\‘KKKKKK LY z’ ’z’a’a’l’;’a’l’ &
PR L A L S L R I AR A A A L L PRal el sl el el ael del Beb)
£i=1.87 THz /=3.04 THz f=4.16 THz

B3 HAERHWBEKRERHO0.1eV E-FUHNEFTEA 200 000S - m™' [, f,=1.87 THz,
f>=3.04 THz, f;=4.16 THz A WMTREFMIKEREETS
Fig. 3 When the Fermi level of graphene is 0. 1 eV and the conductivity of vanadium dioxide is 200 000 S - m~', The top and bot-

tom surface current distribution at f, =1.87 THz, f,=3.04 THz, f;=4.16 THz

T BRI AB Bk W S 1 51 2L AT 23X 4 4 MR A
RERYSZ IR . 0% L TUZ “H AR IRIE . ZHIRZE SR
LR U — A A L R )2 5 0 2 < R AR () I A7 7 I IR e i
B PEREVEAT TR LA . i 4 BR . Y EETUZ
FACPERZ 0, WCRALE 1.6%, ML 3%
Gho M EBURIZ SRR . %I BN B OBCE IR B 4600,
TUZE “RAIEIRZ SR Z SRR E B AE 7R R, WICR B R
2w e eR i 900 il SEIR F T 2.8 THz, X BRI &k
58 JE M W i 32 B R IR ) B R AR AT . BH L A B AR
BT, HBUZ W IR B ITHAATE . BE 05 B 1 1Y 1k A v 8 5 3
FEAE WSS B0 N30 B0 T RS IR R T R 5E

WPEREMISE R . A BRI R PRSI ORGER AR, W
SR LA s O R R R 3h A5 R Y A BB A I SO RE LR R
167 L3R, DA 52 BSOS i (4 Bl S T R . i 5 R
JER T R CRR GE MTEAS R SR BE R T B OGS . Y A SRR
2K ARGl 0. 1 eV 3 E] 0.3 eV I, HH W W WS4 3 25
Io) BT 2 0 40048 AR RS &)y, ] el WS ) ol B 58 W /N, LR
HEEA RIS . SR T B ROR B, HFRbdh
SN sl G 37 N & R ] S R R R E I Ry (1 R U
Bl FHO=E T ORFE WU SRS SR, B A B Y 9k ok
REZLA 0.3 eV I, 128 M RE I ic % MR 36 5 90 9% 1Y 7 9
{34355 1. 37 THz,

1.0 § 1.0
0.8 0.8 1
.g 0.6 — With I-shaped structure g 0.6
‘é_ - - - Without gold plate ‘é
§ —  — Without VO, plate § —— E=0.10eV
< 0.4+ < 0.4 — — E=0.I5¢V
al - - - E~020eV
0.2 0.2 i E=0.25eV
— E=030eV
0.0 T LI — e— 0.0 4 T T T T T 1
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Frequency/THz Frequency/THz

4 T[S EY R W i

Fig. 4 Absorption spectra of different structures

BEAR o G387 A S 09 4 T HL S 3R A4 248 A0 T e T 46 4 T

5 AEAERHEKEERT B BRI B9 R
Fig. 5 Absorption spectra of metamaterial absorbers

under different Fermi levels of graphene



Bal

RUSHHE B P 268 A 0 i R AL I B 2% S T R A R W A 1261

PR IE T 1002 AR AR AUA R FL 5 SR8 A IR e 28 T i
PERESZ IR o 24 A7 BB IR S KRB 0.1 eV i, LA
S 100 S m HEIIE 200 000 S o m Y IR KOG % 4N
B 6Ca) fits . R LR S, Y 040 A R 260 100
Sem B TFALGAS S RO AL LB Ok R A R
NF-4)E =2 EMA RN =B EH R RN
2.6%, JLFAbF 4 RS IRE. Y sl 5 RN 200
000 S+ m "HEALT A @A . A AR R CHT P IR SR 1 A 3
T 90% L by JLF AT ANRUIRES . B, R i 4
USSR, A] (T BT Y 45 1) A8 TE AT P9 ST BN 4 R IR A

P B W ORAS . S5 40, B 6 (b il (o) 23 BB R T 44k
HUHL T3 100 F1 200 000 S « m I A4 B8 3 20 A AL I . 24
ZHEAEPHE AR 100 S m T, TFER PG LTIRA B
Y. R T AR TAGE . AN EAGBIZHY
M, 58 42 3 5t 000 I I AR 2 . I A IS )2 4 U AR B4R R LT
A, FECT R ACE, Y AP RN
200 000 S« m™ "B}, JE R H T R WA DT DS R P
F R A LA B R 4P 1 R B 5T 2 ] R A 4R R T O AR Y
W, ST BT R O Y B AS R I .

1.0 4
—— 0(V0,)=200 000 S'm”"
0.8 - — — o6(V0,)=20 000 S'm”
- =~ o(VO,)=8 000 S'm"
£ 064 —— o(V0,)=5 000 S'm’"
E — — o(VO»)=3000Sm"
2 -~ = o6(VO,)=1000Sm"
< 041
< ——— o(VO»)=100 S'm™!
0.2
0.0

Frequency/THz

o(VO,)=100 S'm™

Fig. 6

distribution at 3. 04 THz when the conductivity of vanadium dioxide is 100 S + m™

MAX

MIN

6(V0O,)=200 000 S'm™
B 6 (a)RE VO, BEXRTEHMBRKEEMBRBELE; W)HZHULABEERA100S - m™ '/, 3.04 THz "W HBEIFRED
HRE; (c)H-FAHABFER 200 000 S - m™ '/, 3.04 THz & 9B IFE E 5 F R E

(a) Absorption spectra of metamaterial absorbers with different VO, conductivities; (b) Top view of electric field intensity

'; (¢) Top view of electric field intensity

distribution at 3. 04 THz when the conductivity of vanadium dioxide is 200 000 S + m™!

S T 5 R B R 2 A 1 S ) LT 2 50k W I 1 BE 1 R
W, M BIER TR ARG R 0.1 eV H A LM B § R
9200 000 S« m™ "B, fHEAFSE T AP RHEEE T K&
AT ] S K Ly X 5 A5 S e e T i . T [RL 7
() 7R I Ha] DL 2 A LA L IR BE 72 Ak X W Wi i
A TAEWTRREAWRNEm. 4 - APEE T o1
pm HEOIE] 2 pm B WO B R I BE A B 2 AR
Fe. WE 7D PR, MG TFREMK R L 8. Wy
FeM 1. 76 THz it %= 2. 8 THz,

3 45 ik
P T — i RE T AR R T AL LA RO 2% 5 T R
TP e 25t . BEE A SRR, M B 1 SRR
0.1 eV HTUZ — A ALHLFRHH HL G5y 200 000 S » m 'Y,
£ 1. 70~4. 50 THz SO NCH AR T 85T 9096 L E i 1
W, W FEAE T 2.8 THz, M AL T2 48 1k
AE A B PR RERAE 0. 1~0. 3 eV Z (A B fL I



1262

HeiE 2 5Ot

842 %

(a)
0.8
E 0.6 4
=
2
2 0.4
024 —T7=1.5 um
7,=2.0 pm
0.0 - : . ; . .
0 1 2 3 4 5 6
Frequency/THz
B7 FA%

(a): TR T1; (b):

1.0 4

Absorption

Frequency/THz

% ¥ 5 B X W 45 2 TR Tt e Y 20
TR ) S K Ly

Fig. 7 Influence of different structural parameters on absorber absorption performance

(a): I-shaped thickness Ty; (b)

R RO SR &R T 0.31 THz MRS . 24 A0 8405 1 9%
KAEGL [ E D9 0. 1 eV i il — S L L 10 vl 5 3R Bl R 2 A
R FIAE S, (il A 5 R 100 S« m- ' A 4B E 200 000
Sem I ZOE AR EE A R SRS U e =R S B
B FE T BT BETT B0 R A A A A 3 S S A 9 T SRR Y S oK
REZLAN AL LAY e S 32, AT LS L BT R i 90 2 5 IRk

References
Chen X, Tian Z, Lu Y, et al.

Karaaslan M, Bagmanct M, Unal E, et al.
Landy N I, Sajuyigbe S, Mock J J, et al.

L1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
L9]
[10]
[11]
[12]
[13]
[14]
[15]

Zhang Yong, Duan Junping, Zhang Binzhen, et al.
LI Hui. YU Jiang, CHEN Zhe(Z% ¥, & L. Bk #) .
Liao Yanlin, Zhao Yan. Scientific Reports, 2020, 10(1) . 1480.
Zhu Weiren, Xiao Fajun, Rukhlenko I D, et al.
Yao G, Ling F, Yue J, et al. Optics Express, 2016, 24(2):
Song Zhengyong, Wei Maoliang, Wang Zhisheng, et al.
Li Hui, Yu Jiang. OSA Continuum, 2020, 3(8): 2143.
Huang Xin, He Wei, Yang Fan, et al.
Zhao Yuncheng, Zhang Yaxin, Shi Qiwu, et al.
Xing R, Jian S. Optics & Laser Technology, 2018, 100. 129.
LiJ S, Yan D X, Sun J Z. Optical Materials Express,

Ding Fei, Dai Jin, Chen Yiting, et al.

Advanced Optical Materials, 2020, 8(3):

Physical Review Letters,
Journal of Alloys and Compounds, 2017, 705. 262.
Chinese Journal of Lasers(HE %), 2020,

Optics Express, 2017, 25(5) .
1518.
IEEE Photonics Journal, 2019, 11(2) .

2019, 9(5) .
Scientific Reports, 2016, 6. 39445,

Length of I-shaped middle strip L;

PRAE 9 WU PR 5 o AT A4 RE R T 9 B U5 R 3 o0 A
Trar s da7s TR AR ORI LB . A ST T 9 7T
T T OB A LA A TR B L R R R R R AR A T I i R
FTp ST VRS AR A . TEHLRG RS . BBl AE L BT AR R AE
SR RE (9 R RS

1900660.

Optics Communications, 2017, 392. 31.

2008, 100(20): 207402.

47(9): 0903001.

5781.

4600607.

Optics Express, 2018, 26(20): 25558.
ACS Photonics, 2018, 5(8):

3040.

2067.



Bal KL P A5 - TR T SRR I A AR BB DR 2% ST R R AR 1263

Terahertz Broadband Tunable Metamaterial Absorber Based on Graphene
and Vanadium Dioxide

LIU Su-ya-la-tu, WANG Zong-li, PANG Hui-zhong, TIAN Hu-qiang, WANG Xin* , WANG Jun-lin"
College of Electronic and Information Engineering, Inner Mongolia University, Huhhot 010021, China

Abstract Terahertz metamaterial absorbers, as a kind of important terahertz functional devices, are widely used in biomedical
sensing, electromagnetic stealth, military radar and other fields. However, this traditional metamaterial absorber structure has
disadvantages such as poor tenability, single function and insufficient performance indexes, which can no longer meet the
complex and changeable electromagnetic environment requirements. Therefore, the tunable metamaterial absorber has gradually
become a research hotspot in the field of terahertz functional devices. In order to achieve the tuning of the absorption
characteristics of the metamaterial absorber, the electromagnetic characteristics of the resonance unit or the substrate material or
the geometric size of the metamaterial structural unit are usually adjusted. A terahertz broadband tunable metamaterial absorber
based on graphene and vanadium dioxide is proposed in this paper. The absorber consists of a vanadium dioxide resonant layer, a
continuous graphene layer and a metal reflector separated by a Topa’s medium. The numerical simulation results show that when
the material is in the all-metal state (electrical conductivity of 200 000 S« m™'), and the Fermi energy of graphene is set as 0. 1
eV, the absorption bandwidth of more than 90% reaches 2. 8 THz. When the Fermi energy of graphene is adjusted to change
between 0. 1 and 0. 3 eV, the operating frequency of the absorber shows an obvious blue shift. The proposed broadband structure
can switch freely between the reflector and the absorber when the conductivity of vanadium dioxide varies between 100~200 000
S+ m ! due to the phase transformation characteristics of vanadium dioxide material from the insulating state to the metallic
state. In addition, the surface current distribution of the metamaterial absorber at the three perfect absorption peaks of 1. 87,
3.04 and 4. 16 THz was monitored respectively, and its working mechanism was discussed. The structure designed in this paper
realizes the dual control of the absorber’s operating frequency and absorption amplitude through two independent adjustable
“switches” of graphene and vanadium dioxide, which provides a new development idea for the design of multifunctional terahertz

devices.
Keywords Terahertz; Tunable; Broadband absorber; Graphene; Vanadium dioxide
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