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Fig. 1. MPA structure diagram with controllable absorp-

tion characteristics.

TERMRSZEG T, PL ALO; HRSIIE, I RS 120k
SYITIETE AL O, #HIE EARAS i Bt VO, Wi, ik
PRI 7 A KB VO, BA MR 2 P4 | nl R
T AR £ 2 P AL 2L AR S AL O TS R AN O
FHCHSCHR [23] 205, Au B AL e Au A Drude
BARIRR, 0 (1) XPR:

UJ2

TR (1)
w? + 1yw
A, w, BB TRIR, v RHE R, o 2A
SOGAEIR. FEASCH w, = 137 x 101 rad s, 7 =
4.08 x 10" rad/sP.

A7 SRR L 6, FRAR 34 B 0, i)
BRI HL 3 6y AT )R L3 6y, L
PRSI 6, = Buea + B PRSI MPA 18
W KAELLAMNBBE, TR T 880, YA TELL A ey,
KM 2E BBy, o AR 6y, PITPRGE 2627,
FR LA SO AT SRR 6, TTH (2) Ao

ie?kgT { Ex

S LA w7
%9 nh?(w + i) kBT+2ln (e +1)]’ 2)

EAu:].*

027804-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 70, No. 2 (2021) 027804

K, e EHITHLM R A A TR B ks 2
PR 262 W8 TRASBIGEE, FEARCh T =
300 K; Ep e A s difbsd 3y DORUEN 2, fEASCrh
I'=0.0082 eV. 1T FDTD ¥4 F s 11 Ak,
AR TR, R e f SBIm AR, SR )5
AHXT BRSO 2 I A3 B IRE T I AR,

M (2) AT LUR I, A SBT3 6, ok
fb 2z B sz . AR B (3) =X —(5) =X Al F,
E; MUZAMT R V, .

E; = hvpy/nn, (3)
n = (nd +a?|AV|*)12, (4)
AV ] = |Vene — Vgl (5)

A, vp HPOKRIEE, 291 x 105 m/s; n N T
WP ng WERBH BN FIRE; o AR, B
AL,O4, VO, HYJEEE RN HLH B 5 Ve AR
L FHIE AR V, e A 1
L 5

3 #ER53b
3.1 MPA RIS R =

FIH FDTD Jrik & ettt T VO, Ab 76 A%
B G MPA Rk, B 2 s, 76411
FDTD J7 B4 H R, Sod sy — AR T,
SRIGTE o, y U I A (periodic), 78 2 7
[a] U8 0 5 96 DT E )22 300 5 45 A1F (perfectly matched
layer, PML), M#%25%I3E H auto non-uniform &
K, KRN 5. A 2 T LUEER, I Ty = 5 C
I, LA VO, B MPA 7E3 K A = 9.66 pm
i A WCRCR AT 3K 96%, 124 Ty i85 VO, 4
SR 68 C 1, MPA [ IECRAE 2.8%. VO,
FH S HI 5 0 W O R T HIR E (A4 = (Apac
Apin)/ Ama) 7135 97.08%, AH EEF SCHEK [3,14,15]
B THREETE. 78 VO, IREM 5 °C 715 68 C
A R S S A B, (DA SR
RIFAL A AR 29, i, P = 0.8 pm, h =
0.05 pm, r = 0.38 um, H = 0.3 um, ¢ = 0.05 pm,
E = 0.1 eV, ASDEH TM M. & 2 ol
MR VO, BIRE, IS T MPA WRRLR Y
Pl AR SC b i AN AR ST VO, 13
i, A1 S E S B 2SN V, 4], PRI
VO, B A 8505 FL R 52 /N, 3 MR SC

#ik [30] T %0, P LR A7 B AR AL E N 0.1 eV
PEHIF] 3.0 eV, X EALPUE /N, LT A
A8 VO, PIRME R 7 U E AT

1.0

0.96
08F —  Ty=5<C
v=e Modulation
depth = 97.08%
g0
2
a,
—
2 04}
0
<

0.2

/\//\N.WWW 0.028 \
' A =19.66

2 4 6 8 10 12 14 16

Wavelength /pm

2 VO, ARNREET MPA f I I80%
Fig. 2. Absorption efficiency of MPA at different temperature
of VO,.
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Fig. 3. Magnetic field distribution of MPA at different temperature of VO,: (a) Ty = 5 C; (b) Ty = 68 C.
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Fig. 4. The influence of temperature on the refractive index and the extinction coefficient of VO,: (a) Refractive index n; (b) extine-

tion coefficient k.
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Fig. 5. The effect of graphene chemical potential on the ab-
sorption wavelength of MPA.
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Fig. 6. The effect of graphene chemical potential on the

equivalent refractive index of graphene.
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Fig. 7. The influence of nano column radius on the absorp-
tion characteristics of MPA.

5.4

—&— \=7pm
5.2 —o— A =10 pm

5.0 F

Mg

4.8

4.6

4.4t

O..SO O..32 0.:34 0..36 0..38
r/pm
8 GHKAEAR X MPA 2544 S5 2T 55 5 ng BY52IR

Fig. 8. The influence of nano column radius on the equivalent
refractive ny of MPA.
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Fig. 9. The influence of nano column thickness on the ab-

sorption characteristics of MPA.
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PRI 1.515 pm, X EZZFN HZEHEE
EIRER dH, B B I —/NBSRE Ah 2
WEELIRER dh. 5K 10 AT R BE, B
H H B, MPA WOSRHCRKE 201 8T .

4 % i

FIF VO, Fif S8 a A BHE T T A L0 oM B
WS R A SR R B R 428 1) MIP AL B3
TR, VO, 16 5 °C 1 68 °C I, MPA M liesk
TR 96.0% Fl 2.8%, WSR3 i TR BE T ik
97.08%. T i B4R A1 BRI AME L R, B A7 85 M1k
22N 0.1 eV HENE] 3.0 eV, MPA AW I
Keal 528 3.2 um (IR, X MPA 78k K Ak
FIRES 5 AT A3 HT AT DL B, MP A BESE BH ey W sk
FRFNHNTBIEN T FP SR, RIkA ot
T MPA #5950 (GKRMEFES A2 r KRB b,
VO, B H) X HW s, KIREE r, b,
Hry¥gm, MPA WOt 2i i, b H
Xof FedR P S B ol W, S AR R ILREE H (1)
B, MPA WOCSCR A 838 T R il A8 SO 9%
AR REe T ] A 2 R R0 . B X B AT A IR AL
PR MPA $2EH51E 5
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Abstract

The metamaterial perfect absorber (MPA) is a new type of electromagnetic wave absorber first proposed by
Landy. Compared with the traditional electromagnetic wave absorber, MPA has many advantages, including
ultra-high absorption efficiency, ultra-thin, compact structure, easily tunable resonances, etc. so it is gradually
applied to ultra-sensitive sensing, imaging, detection and other fields. Nowadays, the MPA research focuses on
two areas. One area focuses on the absorption efficiency modulation and absorption wavelength tuning, and the
other area is to broaden the absorption bandwidth and achieve high absorptions at different optical frequencies.
Previously, the MPA absorption efficiency modulation or absorption wavelength tuning was realized by
changing the device structure or the surrounding medium material. But these methods can increase the
difficulty in processing and increase the device volume. In order to achieve the control of absorption wavelength
and absorption efficiency without increasing the difficulty in processing or the device volume. We propose to use
vanadium dioxide and graphene as the materials of MPA, which has high absorption efficiency in the infrared
band. It is found that the absorption efficiency of MPA at 9.66 um wavelength can reach 96% when the
temperature of vanadium dioxide is 5 °C by using finite difference time domain (FDTD) method. However,
when the vanadium dioxide temperature rises to 68 °C, the absorption efficiency of MPA suddenly drops to
2.8%. The modulation depth of absorption efficiency can reach 97.08%. We propose that the MPA be able to
control not only the absorption efficiency, but also the absorption wavelength. By changing the voltage of
graphene, the chemical potential E; of graphene can be controlled and the absorption wavelength of MPA can
be tuned. When E; increases from 0.1 eV to 3 eV, the absorption wavelength of MPA will be blue-shifted from
9.66 pm to 6.46 pm. The magnetic field distribution of MPA at the absorption wavelength shows that the MPA
has a high absorption efficiency because of the Fabry-Pérot (FP) cavity resonance is formed in MPA. Therefore,
the change of structure parameters of MPA will affect its absorption characteristics. It is found by the FDTD
method that the absorption wavelength of MPA will be redshifted, when the radius, thickness, period and
thickness of the nanocolumn array increase. This study can provide theoretical guidance for designing and

preparing the controllable MPA, which has compact structure and low process difficulty merits.
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