¥39% 8511 D = Vol. 39, No. 11
2019 4F 11 A Acta Optica Sinica November, 2019

P IR UR DR AR5 o r e A N
AR PR A J g T

il AR A, BAH, KigR, 2R

JUARE I B S R TR . TR )TN 510303

FEE R — D2 A0 A A SRR 51 6 i, SR T 2 T PR A 0 S SR 8 A R 25 0 vk R G R LI X i 400 B
P B0 2 OGFUREVE BEAT IR 5T . DR ST 45 A R W1 B0 I ) A v 21 41 I B B A LT 1 2% T 45 B R B R AN
JEL S B0 1) 48 v T 8 i Ay 2 0 3 T 45 o TR Bl Y R AR ROV o X A A 0 R T A B T A SR AR A g AR G
YRt 28 0O AT HEAT 34T O LA SRR U] M SRR SORBE R 0.4 eV EFHE] 0.8 eV B, BTS2 B IR I A
16.81 pm %) 11.13 pm ATEIE M A BIBH R TIT B EREM 0.1 m>« (Ve o) VAL H] 1.0 m?« (Ves) T if, 0] 529455
FiRFEA M 21 s B 223 s MTAHE; MBS W0 M 1 24 H) 2 6, 5 BT R AN 0.14 Rtk B TR 019, % 8F
GEI L RN ES 1 T LR A B S TR T R S

KER RWOLF; REFEMOT; REHEIRA R A=4

FESES 0436 XHRARIZES A doi: 10.3788/A0S201939.1124001

Modulation and Sensing Properties of Graphene Plasma Based on
Surface Electric Current Boundary Condition

Yang Sa, Zhou Renlong”, Liu Dan, Zhao Yongming, Lin Qiawu, Li Shuang
School of Physics and Information Engineering, Guangdong University of Education,

Guangzhow, Guangdong 510303, China

Abstract In this study, we construct a periodic array of a single layer graphene ribbon based on the surface electric
current boundary condition. Further, the periodic array of graphene ribbon is investigated using a finite-difference
time-domain simulation and the coupled-mode theory. The results show that the graphene array exhibits a typical
surface plasma double-resonance effect in the mid-infrared band. Its periodic array structure can enhance the
resonance effect of graphene surface plasma local field. The resonant wavelengths, electrical field energy,
attenuation rate, and lifetime of the resonance mode of graphene surface plasma are analyzed. The simulation results
demonstrate that the resonance wavelength can be tuned from 16.81 to 11.13 um when the graphene Fermi energy
is increased from 0.4 to 0.8 eV and that the plasma lifetime can be regulated from 21 to 223 {s when the graphene

1

carrier mobility is increased from 0.1 to 1.0 m®.(V.s) '. Furthermore, the quality factor increases nonlinearly

from 0.14 to 0.19 when the refractive index of the superstrate is increased from 1 to 2. The research methods and
conclusions of this study are useful for designing graphene plasma devices.
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Table 3 A,,, E.., 7., and 7., corresponding to different n,
Method  Parameter n,=1.0 n,=1.1 n,=1.2 n,=1.3 n,=14 n,=1.5 n,=1.6 n,=1.7 n,=1.8 n,=1.9 n,=2.0
A1 /pm 12.31 12.90 13.51 14.15 14.78 15.43 16.09 16.79 17.47 18.19 18.90
Ay /pm 13.51 14.51 14.82 15.52 16.21 16.93 17.67 18.43 19.17 19.94 20.72
FDTD
E. /10° 26.97 25.85 24.77 23.68 22.69 21.73 20.81 19.91 19.08 18.26 17.51
E.. /10° 51.47 48.66 45.99 43.43 41.13 38.92 36.85 34.92 33.17 31.51 29.98
Y /(10" rades™') 5.09 5.10 5.11 5.12 5.13 5.14 5.15 5.16 5.17 5.18 5.19
Y /(10" rades ') 5.29 5.30 5.31 5.32 5.33 5.34 5.35 5.36 5.37 5.38 5.39
CMT
Vw1 /(10" rades™') 2.87 2.99 3.10 3.22 3.34 3.46 3.59 3.71 3.83 3.96 4.08
Y /(10" rades™!) 5.42 5.31 5.20 5.09 4.98 4.88 4.78 4.68 4.58 4.48 4.38
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