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Fig. 2. Schematic diagrams of BP atomic structure and dielectric constant: (a) The staggered atomic structure of BP; (b) vari-
ations of the real part of €5, with different ng; (c) variations of the imaginary part of ez, with different ns; (d) variations of the
real part of ey, with different ns; () variations of the imaginary part of ey, with different ns.

044201-3


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 Z 3R Acta Phys. Sin. Vol. 70, No. 4 (2021) 044201

T Dy ] LLE SUH

ne’ng

Dy; =

(10)

M
X, e L PR RN ne RN IR AR, mu
7378 Hamiltonian *ﬁiﬂ*‘, I 5 6T 1) H, A AU
i, B LR
2 2
_ 7272/24—%’ my, = % (11)

2 BP AR a = 0.223 nm | Il v=
4a/m eVm. [FIIF, ne=h?/(0.4mg), ve="Hh?/(0.7my),
M A=2eV, B H TR i mo = 9.10938x
1073 kg.

&l 2(b)—(e) 73l i 1A [m] s R GH 8 ng 254
N €an, Eyy BY SEHR MK B BE ns YA AL R, i
F 2(b) A 2(d) ATLAEH, YnsH10.8x107 1 cm ™2
ARAEE] 1.4 x 1071 em ™2 B}, 0 Fll ey (1 S N
TUE; Y ns Y RIY, epa Bl ey, (I SEFR B TIN5
BeRl I, 5 SEERANT], 24 ng ALY, €aa Fll €4y H KE
PR N IEAE, IFH A ns RIS, eoa Rl eyy B RE L
B2 BT K.

mII

4 BB PITHAGTEERE 247

K 3 45 T2 BP i diR ns=1.0x10" cm ™
B, BB Bt PIT ALEY 3 G Rl k. fE S5,
Kl 3 Rl 25 i T AR E ns S5, R TR Y
BP ZK RIS 1 et 2. it 18] 3 AT RUL R,
YOGS I - Z AR, AR v X U7 1)
I, AFEHCEE BP 9K FEIER ™ A8 T A& 18
ELRANPIEYR, W] LR e AT A E B 3 B
WOk B BB, L T BP 4K 4 22 ] A B - B A
G, B AL T BB PIT AU

R T BRI AT BE PIT AR (1) 4 3
& 4 254 T8 3 v dip A, dip B, peak &b HyHLIZ58
JEM . B 4 AT50, £E dip A &b, T HS BP 44
KFE B ISR AL, BT DL 35 i 224
TEQUKFE B 10 SRR vy, 2 SR Fi A A A X
Iy A. Kb, 7E dip B &b, T H 5 BP 40K E
A B RATT AL, PN H i i AR TR TR gk
B A RIS BT, A 5 TR g R R AR AR 2 A
1€ peak Ab, BP 4K A FI B (1) H 3755 5 01 B/
T dip B 1 dip A 4b, bz 545 BE PIT 0w il
PLF 2 P B AR AT AT I 55 A= A 350 19 45

Transmission

Frequency/THz
Kl 3 B BP YUK P R4S . BB PIT BLAL Y 35 41 i 28
Bl

Fig. 3. Transmission spectra of the sole BP rods array, and
the single-band PIT model.
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Fig. 4. Distributions of electric field of single-band PIT
model at: (a) dip A; (b) dip B; (c¢) peak.
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Fig. 5. Variations law of transmission spectrum of single-band PIT model and comparison with RTO fitting results when the ns is

changed from 0.8 x 107 to 1.4 x 10~ em™2.
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Fig. 7. The variations of dip A, dip B and peak with differ-

ent background index.

# 1 BB PIT A% dip A, dip B Ml peak
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Table 1. FOM and Sensitivity of dip A, dip B, and
peak in the single-band PIT model.

FOM/RIU ! Sensitivity /nm-RIU !
dip A 2.385 6110.6
dip B 3.08 4018.7
peak 7.39 4806.8
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Fig. 9. Transmission spectra of dual-band PIT and triple-band models: (a) Transmission spectra of dual-band PIT model; (b) trans-

mission spectra of triple-band PIT model.
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Fig. 11. Variation law of transmission spectrum of triple-band PIT model when the ns is changed from 0.8 x 10714 to

1.4 x 10714 cm—2.
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Fig. 12. Distribution of electric field of dual-band PIT model at (a) dip A, (b) dip B, (c) dip C, (d) peak I nd (e) peak IIL
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Fig. 13. Distributions of electric field of dual-band PIT model at (a) dip A, (b) dip B, (¢) dip C, (d) dip D, (e) peak I, (f) peak II

and (g) peak IIL.
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Plasmon-induced transparency based on black phosphorus
nanorods hybrid model’
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Abstract

In this paper, we propose three plasmon-induced transparency(PIT) hybrid models based on the coupling of
black phosphorus (BP) nanorods. By using the bright-bright mode coupling between BP nanorods with different
lengths, and according to the weak hybrid effect after the detuning of each bright mode unit, we can trigger the
single-band, dual-band and triple-band PIT effects.

Secondly, by changing the relaxation rate of BP, the resonant frequency can be adjusted in each PIT
model. When the relaxation rate of BP changes from small to large, the resonance frequencies of the transparent
windows in those three PIT models all increase and the blue shifts occur. In a single-band PIT model, when the
relaxation rate of BP changes from 0.8 x 107'* to 1.4 x 107'* em™2, the resonant frequency of transparent
window increases 7.5628 THz. In a dual-band PIT model, under the same change of relaxation rate, the
resonant frequencies of the two transparent windows increase 6.8593 and 9.1457 THz, at the same time, and the
resonant frequencies of the three transparent windows in triple-band PIT model increase 6.8593, 8.7939 and
11.2563 THz respectively. In addition to the resonant frequency, the transmittance at the dip frequency in each
model gradually decreases, and the depth of depression gradually increases.

Finally, the sensing characteristics of the single-band PIT model are further studied. When the refractive
index of the background changes from small to large, the dip frequency and the resonant frequency of the
transparent window will be significantly red-shifted. The change of frequency is approximately linear with
refractive index. The model has a sensitivity of 6110.6 (nm/RIU) and a figure of merit of 7.39 (1/RIU) which is
better than the same type of sensor. This model provides a theoretical reference for designing the multiband

filtering and ultrasensitive sensors.

Keywords: plasmon-induced transparency, black phosphorus, finite difference time domain
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