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Fig. 1. Graphene structure diagram: (a) Side view of
graphene structure; (b) unit structure top view, where
a; = 0.8 pm, ay = 1.6 pm, hy = 0.8 pm, hy = 0.9 pm, hy =
2.3 pm.
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Fig. 2. Coupled mode theoretical model.
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Fig. 3. Graphene plasmon induced transparency effect: (a) Relationship between the applied voltage and Fermi energy of graphene;
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(b) graphene plasmon transmission spectrum; (c)—(e) electric field distribution map of G1, G2 and G3, where the frequency is

5.13 THz; (f) electric field distribution map of dipl, where the resonant frequency is 2.81 THz; (g) electric field distribution map of

dip2, where the resonant frequency is 6.47 THz.
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B4 0°, 30°, 60°, 90°H 75 181 434 5 (1)—(1) 42 G3 W% £ 4031 4 0°, 30°, 60°, 90°K9 1 8 43 1
Fig. 4. Spectral responses of G1, G2, and G3 under different incident light directions: (a)—(d) Field plot distribution of G1 polariza-

tion angles of 0°, 30°, 60°, 90°, respectively; (e)—(h) field plot distribution of G2 polarization angles of 0°, 30°, 60°, 90°, respectively;

(i)—(1) field plot distribution of G2 polarization angles of 0°, 30°, 60°, 90°, respectively.

® 1 ARFEPORBEL T BOREG IR -5 A AL

Table 1. Coupling strength and intrinsic loss at different Fermi energy.

E/eV M/(10" rad-s ) %/ (10* rad-s ™) 572 /(10" rad-s ) p/ (10" rad-s™")
0.8 2.0899 1.2955 3.972 2.6
0.9 2.1826 1.2772 4.527 2.6
1.0 2.2656 1.2670 4.993 2.6
1.1 2.3394 1.26 5.397 2.6
1.2 2.4304 1.2496 5.904 2.6
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Fig. 5. Comparison of transmission curve and reflection curve fitting between FDTD and CMT of graphene terahertz structure:

(a) Transmission curve; (b) reflection curve.
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Fig. 6. Relationship diagram between resonant frequency and Fermi energy: (a) Linear fitting graph of Fermi energy and resonance

frequency; (b) transmission spectrum with continuous variation of Fermi energy.
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Fig. 7. Transmission spectra of structure under different de-

tection media.
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Table 2. Frequency difference and sensitivity of

two transmission dips.

Af/THz Af/THz S,/(THzRIU) 8,/(THzRIUY)

0.0689 0.1444 0.689 1.444
0.0689 0.1456 0.689 1.456
0.0663 0.1456 0.663 1.456
0.0663 0.1457 0.663 1.457
0.0677 0.1430 0.677 1.430
0.0637 0.1404 0.637 1.404
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3 HHAMSCHRIIEZ AR FOM LA
Table 3. Comparison of FOM with other sensors.

Our work Ref. [48] Ref. [49] Ref. [50] Ref. [2]

FOM  30.5652 21.92 6.111 24 23.61
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ol A7 AR T A T TR T RS

3.3 AEREBHTKHZEWELFFE

IR —FhOCTE A 0T T A% 1 2 W S 0812 1Y
H2F NG, P KB EAEA TR R )
M ICAERE IR VY B B2l 05 | eAEhs | A4
K. E PR B FRMAEL e % 20U, X e
N FE 5 B A T 18 ETE a2 a AR e T, Aok
HARMN L R TIEZ B, T2 a0 SRaA
BT A I HURRE, A SCRZ5 st A R I 12
JerERE. 5 A SR B RN A PR 4R A
SRR AERE 2 A L, AR SCHE H A 25 A T L i B
A7 BA A A 3 A5 T 35S PIT R0 . Ak, I faf Bk
FA PR 5 T B ORI S Ak 45 4 %) i e .
16 iR CMT #ESad 2 ((3)—(9) &) H, Ar i3
FEIT S g, FEHT SR 0T ply O3 5 70 5B 19 LU A
Fon. B, /N R R R S R O s T
S BT LU ng FRR1EEHERERIILS , BARARK
ﬁn‘l;‘ [37,54]:

157802-7


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] 32 2 3R Acta Phys. Sin. Vol. 73, No. 15 (2024) 157802

. — g oy T ) y
¢  cdf 12) A, ¢ FREHAE PG o, RS ; AR
Ng = — = ——
g ’ .
. H.> 2% > —
v lsdw FE 1, = 0.1 pm; 0 BRI, TR H 0 = arg(1).
f=6.8174 THz, FOM = 30.5652 f=6.673 THz, FOM = 30.4125 f=6.5274 THz, FOM = 28.9404
) !
128
124
g
= 120
g 116 O
=
= 112
=
18
14
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
Frequency/THz Frequency/THz Frequency/THz
f=6.3805 THz, FOM = 27.1152 f=6.2349 THz, FOM = 25.2369 f=6.0918 THz, FOM = 23.2794
32
] 128
1 124
g
o 1 120
12 =
B ; 116 3
o9
g i 112
~
B
] 18
] 14
) A IS ER AR N LS I
1 2 3 4 5 6 7 1 2 3 4 5 7 1 2 3 4 5 6 7
Frequency/THz Frequency/THz Frequency/THz
B8 A|IGHEMEFOMME (a) n=12;(b)n=13;(c) n=14;(d) n=15;(e) n=1.6; (f) n= 1.7
Fig. 8. FOM of graphene structure: (a) n = 1.2; (b) n=1.3; (¢) n=1.4; (d) n = 1.5; (e) n = 1.6; (f) n = 1.7.
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Fig. 9. Group index and phase shift of graphene structure under different Fermi energy: (a) By = 0.9 eV; (b) E; = 1.0 eV; (¢) E; =
1.1eV; (d) E; = 1.2 eV.
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Abstract

In this work, Ansys FDTD is used to design and simulate a terahertz metamaterial structure based on
periodic continuous pattern graphene monolayer, and the high-quality PIT phenomena are obtained by
continuously adjusting structural parameters. To validate the designed structure, the simulated transmission
curve (reflection curve) obtained is compared with the theoretical transmission curve (reflection curve) derived
from coupled-mode theory. It is observed that these two results exhibit a remarkably high degree of overlap.
The resonant frequency and Fermi energy reveals a perfect linear correlation between them with the resonant
frequency increasing proportionally with Fermi energy increasing. Dynamic tuning of PIT can be realized by
adjusting the Fermi energy of graphene. For a more in-depth study of its sensing characteristics, the structure is
placed in different environments. As the refractive index of the detection medium increases, the resonant
frequency gradually decreases, demonstrating a redshift phenomenon. By manipulating the resonant frequency
of the PIT sensor, the selective detection of specific target can berealized. After analyzing the sensitivity and
FOM values of the structure, it is found that the maximum sensitivity is 1.457 THz/RIU. At a resonant
frequency of 6.8174 THz, FOM reaches 30.5652. In summary, the sensor structure designed in this work has
dual frequency sensing characteristics and can be used for dual frequency detection. Moreover, compared with
other sensor structures, it demonstrates superior sensing performance. Additionally, in studying the slow light
effect of the structure, it is found that as the Fermi energy increases, the group index and phase shift at the
transparency window continue to increase. At the Fermi energy of 1.2 eV, the group index reaches a high value
of 584. This is because in the PIT phenomenon, transparent peaks are formed due to multimodal coupling. This
coupling will significantly improve the dispersion characteristics near the transparent peak, resulting in a large
group index near the transparent peak. Furthermore, with the increase of carrier mobility, the group index and
phase shift of the structure also gradually increase. At a carrier mobility of 0.75 m?/(V-s), the group refractive
index is 456, and reaches 1010 at 2.0 m?/(V-s). In this study, the slow-light performance of graphene structure

can be optimized through jointly adjusting the Fermi energy and carrier mobility. This research provides
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theoretical support and methods for designing advanced graphene-based sensors and devices for slow-light

applications.
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