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Fig. 1. Schematic of two graphene rectangle cavities side-
coupled to a waveguide system. Detuning method is the fre-

quency detuning between two cavities.
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Fig. 2. Relationship between the intrinsic quality factor and
the wavelength for different chemical potential of the
graphene Ep= 0.39, 0.40, 0.41, 0.42, 0.43 and 0.44 eV,

respectively.
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Fig. 3. Schematic diagram of realizing principle of single PIT effect.
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Fig. 4. Single PIT effect simulation analysis: (al)—(d1) The transmission spectra of single PIT effect; (a2)—(d2) corresponding phase
shift responses and group index.
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Fig. 5. |H,|* magneticfield distributions of single PIT effect at transmission dips ((a) and (c)) and the peak wavelength ((b)).
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Fig. 6. Relationship between the group index and the chemi-
cal potential of the graphene under the peak wavelength of
the PIT.
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Fig. 7. Schematic of triple graphene rectangle cavities side-

coupled to a waveguide system.
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Fig. 8. Schematic diagram of realizing principle of dual PIT effect.
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Fig. 9. Dual PIT effect simulation analysis: (al)—(d1) Transmission spectra of dual PIT effect; (a2)—(d2) corresponding phase shift
responses and group index.
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R 1 PIT WERRAL, RREIASBSHIE A3 ML T PIT KRR

Table 1. The maximum group index of the PIT system under different chemical potentials of graphene rectangle cavities

and pump light intensity at the peak wavelength of PIT.

PR FHISEL PITR G KRBT %
Ep, = 0.39 eV, Epy = 0.40 eV, Epy = 0.41 eV 143.2
By = 0.40 eV, Epy = 0.41 ¢V, Epy = 0.42 eV 127.3

Vol sl cs
Epy = 041 eV, Epy = 0.42 ¢V, Epy = 0.43 eV 116.2
By = 042 eV, Epy = 0.43 ¢V, Epy = 0.44 eV 108.6
FOLR I=11.7 MW-cm 2 14.5 [10]
(a) A2 = 6232 nm Xo3 = 6029 nm - - I Max

[ A P —
.---.-.-.-x-.-. - -

i’ .-

:::--—.---.-.-.;x-_

" R T M e w

- ok -
Min

10 XUPIT 0% W (A AR AL 1 | 1) Wb o3 A
Fig. 10. |H,|> magnetic field distributions of dual PIT effect at the peak wavelength.
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Plasmon induced transparency effect based on graphene
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Abstract

In order to reduce the size of the device and realize the ultrafast response time and dynamic tunableness,
the single-band and dual-band plasmon induced transparency (PIT) effect are investigated based on graphene
nanoribbon waveguide side-coupled rectangle cavity. The slow light properties of the model are analyzed
numerically and theoretically by coupled mode theory and finite difference time domain method. With
controlling the chemical potential of the graphene rectangle cavity, the tunability of the resonant wavelength
and the transmission peak can be achieved simultaneously in single-band and dual-band PIT model. As the
chemical potential of graphene increases, the resonant wavelength of each transmission window of PIT effect
decreases gradually and presents the blue shift. In addition, through dynamically tuning the resonant
wavelength of the graphene rectangle cavity, when the chemical potential of the graphene rectangle cavity
increases from 0.41 to 0.44 eV, the group index of single PIT system is controlled to be between 79.2 and 28.3,
and the tunable bandwidth is 477 nm. Moreover, the group index of dual PIT system is controlled to be
between 143.2 and 108.6 when the chemical potentials of graphene rectangle cavities 1, 2, and 3 are 0.39—
0.42 eV, 0.40-0.43 eV, and 0.41-0.44 eV, respectively. The size of the entire PIT structure is <0.5 um?. The
research results here in this work are of reference significance in designing and fabricating the optical sensors,

optical filters, slow light and light storage devices with ultrafast, ultracompact and dynamic tunableness.
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PACS: 42.25.Bs, 81.05.ue, 47.11.Bc DOI: 10.7498 /aps.71.20211397

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11647122, 61705064), the Natural
Science Foundation of Hubei Province, China (Grant Nos. 2018CFB672, 2018CFB773), the Project of Hubei Province
Department of Education, China (Grant Nos. B2021215, T201617), and the Natural Science Foundation of Xiaogan City,
China (Grant No. XGKJ2021010002).

1 Corresponding author. E-mail: wangboyun@alumni.hust.edu.cn

1 Corresponding author. E-mail: yuhuaqing@hbeu.edu.cn

024201-11


http://doi.org/10.7498/aps.71.20211397
http://doi.org/10.7498/aps.71.20211397
mailto:wangboyun@alumni.hust.edu.cn
mailto:wangboyun@alumni.hust.edu.cn
mailto:yuhuaqing@hbeu.edu.cn
mailto:yuhuaqing@hbeu.edu.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

	1 引　言
	2 单PIT模型设计与理论分析
	3 双PIT模型设计与仿真结果分析
	4 结　论

