BoX O OE

EN—REAA NS R TR ELR () RIFZ WL R FIERAM TSR
WS SRR P RE N LR AR ARE, AR DL A 53 1R G S PR AR AR I AR 51 kS T 2%
FAVII 2 Fek o A SOR P () 7 SR — b B B A% e 1 £ 4 @ AR R AR
WAL 28 14 B F TR AFF 9 o 383 FE R 15 B3 #F CST Microwave Studio 2019 (CST) S
FEHEUR WA U BUR . R R DA K BE A NS AT A A S A, RIS
R BELPL VT e 22 i DA K 22 B S U5 BB AT 5 LU IRAIE,  FRHE— 25 6 KR 26 IR IS A%
(PR E AT IR o AR B AN A AR

(1) B, ARSCEUT T — PR T S o B SRS RS, S5 SR
) =R 45K, RER R IERE)E, PR RZ RN R E N 2.35
[¥) TOPAS =, TijZRHABENABGEZRZ. RH CST BAXHXL AT i K
RIL, 75 TE 8#FH TM (mdic BRGNS0, 7EAR N 5.485THz Ab LW I8z
100% AW i,  EET A B0 58 SIS, PAR N SPIRAS T R 4, IR Al
2 & 5T HE® (MRIT) MEEPIILEE S (IMT) 303F 715 B4R, 457K
B R G50 BE R G RIT.

(2) HIK, ARSI T 55— Flogi B T i A R RS, e AR SRR A
S EIZR)Z . TOPAS 25t J= A1 JE S 42 J@ R4 AL, T R— > 81 B L& S 1) = W]
RS, AT DUA R SRR o BT AR I, BT RSO I R P A MR
PREBURANZNATTRE), 520 R IR GUR A RIS E AR EE, %FT TE hidlk
NS HRL (EMW), T LLTE 4.268THz Fl 6.032THz (KSR _F 77 A= XUk BE e, Wi
R EIE 99.99%F11 99.79% .« 118 T A1 S5 45 1K1 TLART 2 50 DA S A2 34 R sth T4 I 1]
PSR R A o e A 22 HE O TS R (MRIT) FIRHBTULACER i (IMT)
SR T AR, S5 RR IR R S0 A IR & R o RIS 7T AERCR I
Ut TG Rl R TE J6SEl RIS bah, S8 I I BB RIAS [ A A SRR AL 34, W]
DI R A7 H R AR ZETT e B o bk, IEVELRRIF ST T AEHT AR AU R, B4R
e PR R BRE AN BT R (FOMD .

R EARL Wolkcas: KWL SR Al



1 %t

1 251

1.1 RFZERAELR

KM% (Terahertz, THz) JBURFIEHURTEEDY 0.1-10THz [ BB BL, X
FIBATE I 30um-3000pum™ s A1l 1.1 o, K 24 BUAL T R AL A AR 22 K
B2 18], Xz B A W FEASRE 52 2R I A G BEE , B DA BEAR AR “ K
FRZEIRIER 11,

P CK)
53 (et AR IS V0 XHek v
1 1 1 1 1 1 1
L 1 ] L L L 1
103 102 105 106 108 1010 1012
3% (Hz) THz

0 c——

~

10% 108 1012 ! 105 106 10'8 1020

B 1.1 Kafaz s B |2,

Fig. 1.1 Terahertz band spectrogram/?l.
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Fig. 1.3 The perfect absorber proposed by Landy et al . (a).  (b) and (c)
diagram of absorber cell structure; (d) reflectance. transmittance and
absorbance of the absorber.
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Fig. 1.4 The perfect absorber proposed by Hu et al3%).
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Fig. 1.5 Schematic diagram of the structure of the metamaterial absorber
designed and proposed in the literaturel3'l.
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Fig. 1.6 The perfect absorber proposed by Yu et al?*], (a) shows the structure of
the absorber unit; (b) reflectance. transmittance and absorption of the

absorber.
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Fig. 1.7 A tunable metamaterial perfect absorber based on graphene proposed by

Wang et al33],
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Fig. 1.8 The perfect absorber proposed by Song et al?2l. (a) Structure diagram of
the graphene-based dual-band tunable metamaterial absorber unit; (b) absorption
spectrum of the absorber.
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Fig. 1.9 Schematic diagram of the structure of the metamaterial absorber
proposed in the literaturel3%,
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Fig. 1.10 Schematic diagram of the structure of the metamaterial absorber

proposed in the literature!*!.
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Fig. 1.11 Schematic diagram of the structure of the metamaterial absorber

proposed in the literature!*],
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Fig. 1.12 The structure diagram of the four-band tunable metamaterial absorber

cell and the absorption spectrum of the absorber proposed by Lai et al.

b

d3
r
b

di

zZ
L 42
X Gold ‘:
(b)

(a)

B 1.13 C#RP2g 0t fed2 B e R M FF RS ST 2B .
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Fig. 1.14 Schematic diagram of the structure of the metamaterial absorber
proposed in the literature!*3,
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Fig. 1.15 Schematic diagram of the structure of the metamaterial absorber
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proposed in the literature(#>],

1.4 A EERRAR

AL R TR T SR O 2L A R g, A CST Bt 7t 1
FORWCREE, FEXTSEOMCL TRk . 25E A AR, DL U S5 B34
XSO RE R REMA, I\ 22/ S BE VR R S 10 1 WSO AR TR SO B %o L R B N A
FRR AL £ P Bt o S I %2 8 S AT BT LA AN AL 4 28 08 X 15 B 45 SRt 4T T
X B IE . [F, AR T AR S S BV AE LR AT TR . BRI

H B R AL, W RGO L A S AL AR AR U 2 PR R 2 A [ P Ak
Mnm*%ﬁTﬁ%mA@

5 R R A A B R R AR . PSR 1S . MR EE . 2 E R
T HEAREHUE T AR T EITIE

FBEEmRALFERANEL —, - TP ET A RA 4 THz
AR RSB &%, 5.485THz HOSFRAL S 58 SR, 1T HLAZ RS 38 B as AR A AN Uk
FIBE A FE NG 25 . 30 22 B S T B AN LT UG BC PR e 6 1 B4 SR AT T 5%
k. o, FRABEHEF 7RSS B0 ORI, 45 SRR IR #s 7T M T THz
55 THz 1 5525400 .

FVUF R ARSI A F BTN L, ERTTHHT T N RS B, Wit 75—
BT B IR EUR T THz @RS . BHias R, 7€ TE fmR T THz 3
B PR BRI NIRRT S S RGBT DA A R AN T 5 56 IR WAL, IR 3 Sl T
4.268THz 1 6.032THz. FHHPTILELHE . 2 8 G TWEITR. DUEHEY. RS

11



T4 SR (R R VR AL R A ES O B T S T

TN T 2P o0 A AR T R BB . de i, RS TR S FR A AT R
B ARSI S S BB 0y« MASCRIT AN AT 7RSS AL, JFXS5
J& BRI ST A0 CAEBEAT T TSR

12



2 fETELS S EUETT A

2 FRAMEIE SHIET A

2.1 AEKHE SRR
A SR K R AT LA Kubo 22 sQECVERUER R IR, HAhBIEH N T R ogra

;FDT_HH I\Eﬂ %%%01'711:91'[48_51]:

Og () = Oingra (@) + Oipter (W) (2.1)
ie’Tk u U
Ointra (0, T, Uc) = 2 Z ch +21n (exp (_ ﬁ) + 1)] (2.2)
h (w + iz 1) "B B

ie?

4Arh
Hbi = V-1, ofRENF BB AIR, kg RB/RE2HE, e £HETHN, uie
f s S, oRMIERE, TR R, AR 200 B8 B v 2. 1

Ab, FERFFRZEIEBLN, T2 R AR:
ho < 24, (2.4)

H =P S A BT DA RIAT S0 AL 52 B 5 B TR S n T R R R

Ointer (@, T, Uc) = (2.3)

n Zl.ucl - (0) + i/T)h
2|l + (0 + /DR

co

1
n=—- f a0 — falx + 2u)Ixdx (2.5)
0

" mhvg?
Hr, fao)RTK KAk, nURRA:
£ = (1+ e(x—#c)/(kBT))_l (2.6)
M SAT DU H R A SR R T IR IR e AT DLRZIA AT S8 M AL 22 3 e o 7ESEBR
JNEFH HR R AR A R 1R SR A SR SR T R TR, A e AR A
SR I ZE S o AN B L RV, 5 A SR A 5 B A L TR R 96 2R 1) AR IR B2

A

(2.7)

~h
U F etd

Hrpe, KB FAS T HHELL g0 R EZPRMHEL, 2N RIZNEE.

2.2 EBMRIREERRNBETTERE
A BORKIRED, B T it A T BRI, H AR - BT

13



T4 SR (R R VR AL R A ES O B T S T

VLA A BRFR 4392 (Finite Integration Time Domain, FITD). B 4845 IR 254372 (Finite
Difference Time Domain, FDTD) . f£ii£ki7: ( Transmission Line Matrix Method, TLM)+
A BRItk (Finite Element Method, FEMD. % &7%(Method of Moments, MoM). £ 75
% (Method of Line, ML)AIf##T%(Analytical Method, AM)%5 7%, M, BRIt
(FEMD A BAR = 73 Fr 4 159 B HOR A e S i AR5 3. & m] DA Rt g o
ROV R, I HEA R AERRPER T S fREERE 2, FEM HECR
fE R FEN RPN B 7 &, AN R R iR . FEM BRI AR S
S SR TEN B A TRAN 86, T IOR] P A B HCR 7 SR AR B o0 B 1) 370 &
LR, PR Gl B 00 N A e ek BB e i bR IR AEL, ) I BLRER
fiEiE B B AIE AT SR T R4, kM {5 RE1F 2465 RUAL RR g . ASCHUE
THE FZAE B T2 TG BRAR A =4 i i 3 CST Microwave Studio 2019
(CST) #EAT .
R A CST BAT AT EUE 07 R LA E 2P IR, B 2.1 7052 CST
Tt TAE 2 QAR N ST 3 35 1 AR S A0 Bt SR E5 oS 1 JE A B S . F
st R
(1) LR . %5 Microwaves & RF / Optical ' Periodic Structures f< 45,
P& FSS, Metamaterial-Unit Cell 7 Phase Reflection Diagram, ¢ /J5i%$ Frequency
Domain 3K ff#F, BCE &I RIAT FEAB B 1 V0
(2) WEMEEME. MEEDSAHBME, ATRLEREMAH . T AR A
SIEAEL, FREGEE CST AW 2RI AT IR E.
(3) FESLAERILEH .
(4) WEYE RBEMANL TR WE TAEMEE. 5535, o gtk il
Tkt
(5) BARALEE 5 430 o IEFAUHCR AR . ISR NS AT VI R AR . I B 42
BEZEAA R DI RE N N B B S8 DI REX A S S HOHAT A, (615 25U B AL
IR BE o
(6) JGAbBE . THEPTTRENYESHAERSE, FHEEREFIH Origin S F2:
il RS Hor A

14



2 fETELS S EUETT A

a
Create Project Template
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Fig. 2.1 CST creation template screen. working screen after startup and post-

processing screen.
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Fig. 2.2 Cell structure of the metamaterial absorber!>*1.
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Fig. 2.3 Equivalent circuit model for metamaterial structures!l.
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Fig. 2.4 Schematic diagram of multiple reflection interference theory.
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Fig. 3.1 The proposed graphene-based narrow-band metamaterial absorber: ()
schematic diagram of the periodic structure; (b) top view of the metamaterial
absorber and related parameters; (c) equivalent circuit model diagram.
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Fig. 3.2 (a) Absorption spectra of the designed metamaterial absorber corresponding to TE (electric
field polarization along y-axis) and TM (electric field polarization along x-axis) incident light; (b)
comparison of the simulated absorption spectrum of TE light (black curve) with the absorption
spectrum calculated by MRIT theory (red curve); (c) absorption spectra at different incidence angles;
(d) absorption spectra at different incidence polarization angles.
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