) 32 % 3R Acta Phys. Sin. Vol. 74, No. 6 (2025)

REFD  HFELVI Fa kD EHRED A
R E &Y ‘

ETAERALREHR=ME
KXipzzfe xS

‘E:l \Js ¥
>Z
A
W FED2) PR A 12 fFig R D2
1) (P8 TRIRF s F 59320, Kb 410205)
2) (MTTEm =, Ky

410205)
(2024 4£ 11 F 10 HYk#; 2024 4£ 12 A 31 HUEE )

LK 5 PR A

P& T — b =R BER b 2% WU A5 B OT S 5B TR BZ A SRR AR, A SRS R TR S B A LT AR
SEE B MR R A, (ERE A B A S 1 e A, T WA SR 0 AT B 12 1 258 8 1 R % 5 28 T B

o5 AR RE . B8R BT SRR BE RS ELHE A SRR, kI A — A WA A SR ARl U TR A A
b A2 A8 RN , BT S SR AE A BRI TORAE N 1.1 eV Ik 3R RAH 327.1. AGE M I A 6 75 10 4% Itk BE
KR AT, RO, B, R

G AR SCGE A ARSI A G HLBE, S TS Y 45 5 15 I A PR 22 20 1 AR — B0 IR S5 AN
CSTR: 32037.14.aps.74.20241576

FAAESN RS ZS VAT B L, TR 180 55 A PR Bt 0 I0 57 . A SOR BUER A0 SR 06 45 F 19 91 OK RE R RE A 1 35
B

H.
R 5 N T R o BA B 1.442 THz/RIU 5 39.6921. AHESE A B 18 15 15 e 25 45 B 1) 7 JH 42 3t
PACS: 78.40.—q, 78.66.-w, 42.25.Bs, 42.70.-a

DOI: 10.7498/aps.74.20241576
ASKHES LIRS ST RE R L. SC T A=
1 B = At U 0 R A SEH 515 R, A NMER
PUTHERE Sy, ARG HIDGHLEE e A TR B R
HY B 4 K 28 B A6 N 2 — 1Y 8 BE R TE R BIR 2 — AN 1 .
1965 44t 1 B R e A 101 — 5 A TS T F 5 T (surface plasmons, SPs)69 J&
R AR ) 5 4 PR AR, R 7RG e 8 AR U I T
Zead — B ) & R, T LA AN iR B
BT Bt 2, AR T LS LUK
ISR B SR PR RE. SR, BlE BRI Y i
W, A RO 232 B W PR R BRI, 2R 7R S
RRAR. P, B2 AT B T4 HAB RO BT

1G5 W) AR ELAE TS R A AR G 1011, 4045
t iBfEVEE. E-mail: 1067980351@qq.com

Jey ¥ 2% 11 45 B TR (localized surface plasmons,
1 B{E1E#. E-mail: hhlcj1732@126.com

LSPs) A& SR Mm% TR (propagating surface

plasmons, PSPs), (1L {6 54 4 - U 5
7%
(S kq2202298) FIHIRA B EITH BRI (JitHS: 21B0574, 21B0556) % B 1.
© 2025 FEYIEZS Chinese Physical Society

AU 3 by 2 1T 45 B 1. PSPs B 1 <5

JR B E A T S IR S AL, RIS

* OV SCER TSI E (HEUES: 23XJ02001), HIFTE EARERLS (HEHES: 20237740218, 2022JJ30201), Kb T H ARl LS
067801-1

http://wulixb.iphy.ac.cn


http://doi.org/10.7498/aps.74.20241576
https://cstr.cn/32037.14.aps.74.20241576
mailto:1067980351@qq.com
mailto:1067980351@qq.com
mailto:hhlcj1732@126.com
mailto:hhlcj1732@126.com
http://wulixb.iphy.ac.cn
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 6 (2025) 067801

AT AR B R L, AT DA o e 4 i R S A
JoT 1) 25 b e T 45 #) Sk 4] PSPs (4% 4% . 1 PSPs
SO G I, 235 EICH I | HBURFIfE 4%
HAR Ak, HOK & 5 805 3 Mot is & W (plasmon-
induced transparency, PIT) Ry 1219,

A1 AR R — B 7S 5 B S W A Y 4
YR RRL, HEARNERGY: | A, JFHA
55 M T8 Kb 2% 0 BERE 8 07 1) 43 J& 0 it 116190,
54 )R%E SPs ML, f1 28Kk SPs FE P £LAMATER
22 B B R B Bh A W M LR ey el | AR AR S
SRt AR T BCH RS B 1K (SPs) MITHE
FH. AN, BT 5 AR A S EoT i kUL, A
S ] LUE i A L 3 2024 Fig sl AL
LB SN B AR IR TR ] T SPs
PR, #E—2E52m PIT &0, I TETH 5455 5t
& )@ A 1 — AR A 4 ) P B i T LAAR T il
o S e e g e RE. PIT L by B 1
23 F B — P A T N G o R s 28 g B
b (R, 8 Ak A R R ) e T LS AR T
KR I N 2528, 18 SRR (AR 25 4 T LA
A RO GRS BRI, A B TR E &
g S RS OGRS R AR . A SR
FEAR IR 8GR I 0C Olsmi bl s Ot
= R A EAT AR I ) 1 FH i e 2939,

AW T — 5 T B2 0 S8 PR =B
R 2% 55 B ocae ', AdeEny R B T RE4s 14 FR o
FH B2 0 S FVRE SR IR A A, [ A 280 2 7E y 7
Ak TEZ RS, BRI EREGEAE 2SR il
W TR TR A S PR Be L, HAA AN % AT
PR SE R AR BOL I AT LASE o BT Y 45 4
kSR TS B 12O 5 AR R RE BT AN, S T EE N
TR AT RIS ] 7 A A AR B, AR S fif
T BUEEL S5 A BES A S5 6 7 Aok X a4
FIPEREIE TS, IF R4 T TRV B
(5T A ¢ SR R r B B — R KA
SEM RES LA GG E U E IR, 4
AT SRR AT O B i oy A A I 3K
A5 P 7 R B 5 e 7 i []ER45 AN AR ), BRTE AT
R AT R A 25 B 25 S, DT ™ A6 B A 2 (A
W FE W IL. @ RSB (coupled mode
theory, CMT)B%40 {155 REAS 2 I 5 IR elAy BR
#47 (finite difference time domain, FDTD)*!4?]
475 FLAE S 0 e B Y — B, iR RS IE I AN

PP 4 1 A1 85 0 9% K RB R 92 BT PIT 11 2l 45 ]
. ARG A A O IERE, i A
FL R (A7 BB M SR BE AL T 1.1 eV I, BT 4R
R WA P 1K 3] 327.1. [) I A &5 4y B AT A1 55 1) 1% I
Mefg, HARME BRI EES AT
i BT I (figure of merit, FOM)M:4 f7 & ik #|
1.442 THz/RIU 5 39.6921. AWF5TREW M8
A% IR TR ) 17 FH S A B R Al

2 HEipHEMER

A BRI 1 s, 18 1(a)
SR AZ A A 5 R T PR R, G e I AR - B 0
PR A W )2 2 A, v T A Y R
250 nm, 7 5 )2 1EE 50 nm. — N1 KR %8
M Z Sl 05 AR A EOR O CIR AT, X g, Y ik JE
HWIRATT. AH L T ARSI R E5 4, A SCR 1 A%
Ty SLBANH R ShAS TS DI RE, B nT LK K5 ]
MR TERR. B 1(b) bAoA, K
M a; =5 pm.

FEARERY L A FLE ECR 11.69, Y7 it [#]
FER 3.42. T AGHECIRANTE MR 25 I B, i B
J2 A SRR RS Uk B A FL o 0RT LA i 2
LSRR B A BRI IO SR RE G ST T L
HE] 0.2—1.2 e VI {y RS FEIE ST, BT LI &
PR G A1 8805 PR BERAE 0.8—1.1 eV. ILAME
WL T =300 K, A ST REHR B > (hw,
kg T), W AT LA 22 W7 6] L 7 BRAE PR ), Hole#
HL 3SR AR BT A AT HLG 5 L T I U e R
PAFE S 1791 AT AR

22

%= T )
A e RoRHL T HAT, by FRRPURZEHE 1R
TR EBCRA, R A TR L, B Fon A B
WK BES, T A BT, w 2R AL
JefA. b BRI TR ] - A] el ik
SRR N T = pEe/ (V) (Ve N A 854 2K 3
&, 2978 10° m/s). [FAIEF, 25 A SC5 /) T 171
RIS 5 B, DR AR S5 4 vh 1) S RS R 1R
1 m?/(V-s).

AR —Fh AR, R R
VS RE ST, 8 AN e R B 2 B e e NS
A% Ty b U 7 SRR I S oK BB, LR B L 4

067801-2


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

Y B ¥ R Acta Phys. Sin.

Vol. 74, No. 6 (2025) 067801

(a)

Incident wave

K(2)

{ H(y)

BB Graphene  (b) |
Si

Fl 1 (a) A1 BREHMUE; (b) ARG IR, RESECN 0y = 2.6 pm, ¢ = 0.7 pm, a; = 0.7 pm, a5 = 0.3 pm, a5 = 0.1 pm,

h=>5pum, hy = 0.75 pm, hy = 0.3 pm, [ = 0.3 pm

Fig. 1. (a) Side view of graphene structure; (b) top view of the graphene structure, the following parameters: a, = 2.6 pm, a3 = 0.7 pm,

ay = 0.7 pm, a5 = 0.3 pm, ag = 0.1 pm, h =5 pm, hy = 0.75 pm, hy = 0.3 pm, { = 0.3 pm.
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Fig. 2. Theoretical coupling diagram between the resonant modes of the proposed structure.
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Fig. 3. (a) Resonant schematic diagram of the dual-PIT coupled mode theory model; (b) for dipl, the electric field distribution at

the resonance frequency of 3.49 THz; (c) for dip2, the electric field distribution at the resonance frequency of 4.85 THz; (d) for dip3,

the electric field distribution at the resonance frequency of 6.12 THz. The Fermi energy level is 1.0 ¢V, and the dotted line repres-

ents the graphene band.
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Fig. 4. (a)-(d) Transmission spectra at the incident light polarization angle 8 = 0°, 30°, 60°, and 90°.
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Fig. 5. (a)—(c) Transmission spectra in the absence of different part of the graphene bands; (d)—(f) the transmission spectra of

graphene bands with different gaps, respectively; (g)—(i) the transmission spectra of graphene bands with different sizes.
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Tg = dZ’ ’)’Lg = Cdifu) = Z'Tg, (11)
A, e HEA TR, [ OVERE A SRS E

B (2.5 pm).
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Fig. 9. Transmission spectra in different media.
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Table 1.  Frequency difference and sensitivity of three

transmission valleys.

AR/ AR/ AR/ 8/ Syf Ssf
THz THz THz (THz-RIU')(THzRIU ') (THZRIU ')
0.0421 0.0960 0.1441  0.421 0.961 1.442
0.0541 0.0961 0.1382  0.541 0.960 1.381
0.0481 0.1021 0.1381  0.480 1.021 1.381
0.0541 0.0961 0.1383  0.541 0.961 1.381
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Table 2.  Comparison of figure of merit with other

FOM =

(12)

literature.

Our work Ref. [52] Ref. [53] Ref. [19] Ref. [54]

FOM  39.69 31.09 28.72 23.61 17.28
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Abstract

A monolayer graphene-based tunable triple-band terahertz plasmon device with superior sensing and slow
light performance is proposed in this work. A very obvious dual PIT phenomenon is observed by adjusting the
device structure. Then, the transmission curves and electric field distributions of the long- and short-graphene
band at the three transmission windows are analyzed, to further investigate the mechanism of the bright mode
and the dark mode of this structure. Afterward, the comparison between the theoretical data from the coupled-

mode theory (CMT) and the simulation results of finite difference time domain (FDTD) shows that they are in
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excellent agreement with each other. In addition, the effective refractive indices of the real and imaginary parts
at different Fermi energy levels are analyzed. The effective refractive indices are linearly related to the Fermi
energy level. In this research, it is found that the phase of the electromagnetic wave fluctuates strongly at the
transmission window. With the increase of the Fermi energy level, the peak frequency of the group refractive
index peak value increases. When the Fermi energy level is at 1.1 eV, the peak value of the group refractive
index reaches 327.1. In order to study the sensing effect of this device in more depth, various refractive indices
of the medium are tested. Based on these results it can be seen that the device has excellent sensing
performance. Its sensitivity and figure of merit (FOM) reach up to 1.442 THz/RIU and 39.6921, respectively.
Compared with the traditional structure, this structure can regulate the Fermi energy levels very conveniently
by applying a voltage, in order to modulate the resonant frequency of the dual PIT. The findings in this study
are expected to lay a theoretical foundation and provide a design reference for potential applications in fields

such as slow light technology and sensing.
Keywords: micro/nano structures, plasmonic, slow light, sensing
PACS: 78.40.—q, 78.66.—w, 42.25.Bs, 42.70.—a DOI: 10.7498/aps.74.20241576
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