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Abstract

structure is composed of an electrically tunable graphene material at the top, a dielectric material SiO, in the middle, and

We propose a tunable terahertz broadband absorber based on circular and L-shaped couplings. Its main

gold at the bottom. The absorption spectra of this device are studied using the COMSOL software and the multiple
reflection interference theory. The results show that the simulated and theoretical absorption spectra significantly overlap.
On the premise of keeping the slit, changing the shape of the central graphene will not change the performance of the
absorber. When the Fermi energy level of graphene is regulated to 0.95 eV by an applied voltage, the device is
polarization independent and exhibits a strong absorption of more than 90% with a spectral width of more than 4. 1 THez.
This study will therefore have potential applications in optical switching, modulators, and energy harvesting, and it will
provide further inspiration for the design of terahertz broadband absorbers.
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Fig. 1 Structure schematic diagram of the ultra wideband perfect absorber. (a) Three-dimensional overall structure; (b) top view plane;

(¢) propagation path
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Fig.2 Absorption and reflection curves of the device. (a) Simulated absorption and reflection curves and absorption curves calculated

using MRIT theory; (b) absorption curves in TE and TM modes
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Table 1 Comparison of tunable ultrawideband absorbers

Reference Material Number of absorber layers FB /THz Modulation range /%
[19] Graphene 3 2.17 16-99
[22] Graphene 5 1.15 55-99
[42] VO*" Graphene 3 2.15 5-99
[43] Graphene 3 2. 00 75-99
[44] Graphene+ Au 3 3.40 18-99
Proposed Graphene 3 4.06 1-99
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Fig.3 Absorption curves for different patterns and their corresponding electric field distribution in the Z-direction. (a) Absorption

curves of individual circular; 4 L-shaped and circular + 4 L-shaped graphene; (b) top view of individual circular graphene

absorber; (¢) top view of 4 L-shaped graphene absorber; (d) top view of circular + IL.-shaped graphene absorber; (e) electric field

distribution in the Z-direction corresponding to different frequency positions

ﬁMb%ﬁ%W%%@%ﬁﬁﬁMﬂ&%ﬁ%%
WA Y T B IR UE— B 2 I ROCR KT 90 %6 1Y
wmﬁzwozerﬁﬂﬁgAmﬁﬁzmuﬂE,
WE 4R, RS RAL (2.9.3.32 THz) , 35 £ 5
B Sy S5 3] 58 L2 R 11 K ST Bk 4 B IR R 1 s Ak
I A B8 0 2 5 A AN S B R 28 0 e AR R TS
A B R AR A A SO 89 8 1 7E S10, 2 T B
FE , 2 1117 S B A 4 5 IS W I 2 AR A 1
T, Je 35k H 37 DA 303 2k % 4 A% st 31 v )4 T AR A
B (5.02 THz) B9 HL 3 © 2 K38 43 9 )= 350 380 W 2 3 O
] b B 8 R0 L IR 41 A 25 K 0 B 4% Ak T R A
(6.76.7.16 TH2) WO L& R EL . WINE
N, AN T A7 1 A A T iR 2 ) A A A Al = R
A R A ) DAL 2 O A A T DA R iy £ v 45 31
REE 25 LTI, 2 4 7 A B4 B W IR R RO IR
A BB 7 A B A R o A Bk A A P A (R R T
A3 A e HE AR AR IR 2 ) A AR AR A SR A, BP4E
B 45K Z 18] 1 2% 58 PO A VE H o

2o AR A SR TR I — 25 A BT
%%W%%ﬁOWQ5MWﬁaW%ﬁIﬁME§£
FIN I TE A 55 0 W SO %) TR A 2, 9 XoF o7 ) T )22 e
LA E 5(h)~E 5(d) it |, bl % BB A7 88 0 28 46 0 1E

PO i 8 FUE NGB A 850, AT LA & 30 W 2 1 I A %8
B AR A I AR o LB A ] Al R R A A SR 0w R A
) B B — ELAFTE BB RS 43 19 fRL 0 3 2% 4 i B
SRS AE B EE AL o TR L 1 TR T RO R ) — AN R R
1 Ry 2R AE )2 1 B AN FIR AR A R R
T A ROBk A8 DUE A A, AT 3 i FB, B4 a8 1
gz

I Ao AR R AR 2 R 1 S B, T LA R SR A R0 1
Tl T R A LB, O T R A R R S S A, T
AL LSRG S A, 76 52 B il 4 2o R b ORG oE 4% il
FE B AT 2 5008 ROME i DA 823118 LA 152 25 X6
AEOETERERY R

WK 6(a) fir s , B & Si0, )2 J5 B By 38 , e i ith
LB WL AR 3 1 RO — H AR R R 3,
JE) A7 3 i 0 47 S AR 15 8 99 %0 LA B B WA, T v A A9
W AT U S 188 KR /b o aX S S1O, SR BE AR fk , S 3L
W MSC A 14 A8 BT AT [ Fl 23S ) BB e 0 3 Ak A
VC g, T 7E v 455 43 S VC i J5 4T . 7E 1R 6 (b) ~
FE6(d) it ie TR MR RS L ARG SB8
K L5 WX RE o B2 R 38 K, v A3 4 1
W AT A Ak B g i R AR A Y R OROR L R AR L B
LK WK AR AL IE G A I, 3 mﬁ%Twﬁ%

1323001-4



F£605FE 138/2023F 7 B/BAEXBEFZHE

Electric field model /(10% V/m)

4.0

5.02 THz 2.0

6.76 THz 7.16 THz

P4 TR AT B 3 A 04 20 A5 ] o Ca) B AR A3 S 90 96 I A6 B 48 6 3. 02 THz b 9 H1. 3% 93 413 5 (b) 3. 32 THz AL #Y HL 3% 7 A
Pl 5 () 5.02 THz AL i3 53 A 1] 5 (d) 6. 76 THz Ab i s 37 53 4 [l 5 (e) 7. 16 THz Ak 1 #3753 17 1]
Fig.4 Distribution of electric field modes at different frequencies. (a) Electric field distribution at the left frequency position (3. 02 THz)
at 90% device absorption; (b) electric field distribution at 3. 32 THz; (c) electric field distribution at 5. 02 THz; (d) electric field
distribution at 6. 76 THz; (e) electric field distribution at 7. 16 THz

(a) 0.9 F (b)
0.6 F
03 F —=— round
0 : 2
é {].9
206
% 03 F —e— orthorhombiec
L 3 4 5 6 7
09 il i
0.6 (D
03 F —— octagon
0 1 L L 'l L
2 3 4 6 6 T 8
Frequency /THz

VLS BICAE AP A A 0 T ORI g 2 1 VR o iy e R HG T 7 ) T 1 58 o () LR O BT L 1 22 T8 R\ T A 3 0 1 WS it 28 5 (b)
Sy B AT B A 1 T2 T 22 5 (o) AR R 1E 220 1 T 158 5 (d) B S N JE Y T 22 &1 22

Fig. 5 Absorption curves of the devices and their corresponding top layer patterns when changing the shape of the content graphene.

(a) Absorption curves of round, orthorhombic and octagon graphene inside; (b) top layer pattern of round graphene inside; (c) top

layer pattern of orthorhombic inside; (d) top layer pattern of octagon inside
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Fig. 6 Absorption curve plots for different structural parameters. (a) Plot of absorption curves for different dielectric layer thicknesses

d; (b) plot of absorption curves for different radii R of circular graphene; (c) plot of absorption curves for different L-shaped

graphene lengths L; (d) plot of absorption curves for different L-shaped graphene widths W
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