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Fig. 1 Structure diagram of DBR coated with metal grating
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Fig. 2 Reflection spectrum generated in DBR structure coated
with complete metal layer (Magnetic field modulus
distribution corresponding to reflectance dip is shown in
left inset, and intensity distribution of magnetic field
components along vertical line of center of periodic

element is shown in right inset)

Pesk i SPPs A5 Y = B 28 F-P Il SR 0n ™, 1 4 J Bk
BN SPPs A F 2 i A B IE7E DBR 5 & 8 Ot
A8 FHTH R ) T PPs 46 278 A 4 30 2 i i ™= A
Tt — T TPPs B & 3R AR U4 R
JEMHE FB 51 A 4 & 152 DL S B 7R )2 5 DBR 22 A
Ak TPPsImHM . B 3(a) AR LR 45 T
s 2 JEE B ML 4 nm 3% K 3] 20 nm A4 23 B H 6 Y 3 5
TR, Horp U2 B R 2R AR SE R 4 B 2 B 3 DBR 5 H
H & R TPPs i 0 % K A, =1040 nm, 4 i &
=4 nm B, 335 S 04 0 I8 KRR R T O I 2 45 A R R
A= i 2 A0 313K 1084 nm, i B R AL 0. 435, 2 1§
255 (FWHM) JB 58 J 32 nm, W & 3P g R . X
— I ) £ s AR AT 1 3 S e (T T 3% I 1Y
FRAENLEL R A T AR T 4 nm R &R BE /N T A
SRk 1 R R R, NSOk AT DA R O 4 R )2 R A

1428002-2



£ 435 F 14 H9/2023 £ 7 A/RFZH

i TR AR 5 77 X LR UK <6 TR B S8 N Y SPPs B
RE-PUEHR, 2 100 102 G 0 . A Ol I o o 4 s it

(2)0.8
0.7}
0 06}
Q
F05¢
% 04}
03}
=
02}
0.1}

Wavelength /nm

JEIF 22 B MCARAE , 2R T FE AR T 328 ) R {H

) 1100
g & 11080
:
a ~
E 06 11060 5
s 2
cosbd4bk - — -/ e e _ | <
S 0.554 11040 ¥
R ]
& 05 —a— amplitude =
g —e— center wavelength 11020
Pt
S 1008

04 1 1 1 1 1 1 1 1 1 1000

2 4 6 8 10 12 1416 18 20 22

h, /mm

P03 RN Y 37 S i 2 IR o Ca) A (o) 4 Jam I 1) ST A28 S0 03 1) 5 (o) W {38 A3 3 B vt i K B 58 S22 J5E B2 N 4 33 M 21 20 nm #4942 41 41
e 2R

Fig. 3 Transmission spectrogram of model. (a) Transmission spectra of gratings with different metal film thicknesses; (b) evolution of

peak transmittance and center wavelength with varied £, from 4 to 20 nm
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Fig. 4 Magnetic field distribution of model. (a) Distribution of magnetic field component ‘H_y’ for h,=0 and 8 nm; (b) profile of

magnetic component | H,
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Fig. 5 Relationship between characteristic constants of transmission peak and metal film thickness £,,. (a) Evolution of FWHM and Q;

(b) evolution of sensitivity S and FOM
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Fig. 6 Contour map of model. (a) Variation trend of transmittance with medium index and incident wavelength; (b) distributions of

magnetic field component ‘ H, ‘ at points A, B, and C depicted in (a)
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Table 1 Performance indicators of refractive index sensing under different resonant orders
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Fig. 7 Performance indicators of transmission peaks of 3-5 order resonant modes in grating slots under different duty ratios.

(a) Sensitivity; (b) FOM value; (c) detection range
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Induced by Tamm Plasmon Polaritons
Ding Guantian, Guan Jianfei, Chen Tao, Lu Yunqing
College of Electronic and Optical Engineering & College of Flexible Electronics (Future Technology), Nanjing
University of Posts and Telecommunications, Nanjing 210023, Jiangsu, China
Abstract
Objective As a novel surface mode, Tamm plasmon polaritons (TPPs) can be directly generated by the incident light

with any polarization on the interface between metal and a distributed Bragg reflector (DBR) because its dispersion curve
lies inside the light cone. Significantly enhanced energy distribution on the metal-DBR interface makes TPPs a potential
candidate for nanoscale sensor devices. However, highly localized energy also prevents TPPs from touching the outside
medium. In order to improve the sensing sensitivity of TPPs to the ambient medium, a triple-layer combinative structure
has been proposed in this study, which is constituted by a metal film sandwiched between a metal grating and a DBR
section. In this configuration, TPPs can be effectively excited on the interface between DBR and the metal film with a
proper thickness, and a fraction of the localized energy induced by TPPs can penetrate the metal film into the grating slits
to produce the surface plasmon polariton (SPP) modes supported by the metal slits. A quasi-Fabry-Perot (F-P) resonance
of SPPs can be generated by a proper incident wavelength, and the highly localized energy accumulated through the F-P

resonance can be employed to sense the refractive index of the ambient medium.
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Methods The DBR section in this study is formed by the alternating dielectric layers of T10, with a thickness of 121 nm

and ZnO with a thickness of 156 nm, which ensure a Bragg wavelength to be 1 pm. Meantime, the metal gratings and film
are made of silver, and the corresponding frequency-dependent complex relative permittivity is described by the Drude-
Lorentz model. Due to the periodicity of metal gratings and the uniform distribution of the proposed structure along the slit
direction, the three-dimensional triple-layer structure can be simplified to a two-dimensional plane unit cell model
combined with the periodic boundary condition. The modal distribution and transmission characteristics of the cell model
have been calculated numerically by the finite element method. The transmittance spectra of the proposed model have been
obtained by changing the incident wavelength successively. The influence of the film thickness on the peak transmittance,
peak wavelength, and transmission bandwidth has been analyzed in detail by varying the film thickness from 4 to 20 nm. In
addition, by changing the refractive index of the medium filled in the grating slits, the sensing performance of the proposed
structure has been evaluated by calculating the transmittance spectra of the triple-layer structure with different structural

parameters, such as film thickness, duty cycle, and grating height.

Results and Discussions At first, the transmittance spectra of the triple-layer structure with varied film thickness have
been analyzed in detail by employing the finite element method. The numerical results demonstrate that the peak
transmittance first increases for small values of the film thickness and then decreases when the film thickness is greater than
12 nm. As a result, a maximum transmittance of 0.712 is obtained when the film thickness equals 12 nm, which
represents an improvement of nearly 29% in the peak transmittance compared with the filmless case [Fig. 3(a)].
Meantime, the full width at half maximum (FWHM) of transmission peak decreases monotonously with increasing film
thickness, and the peak wavelength gradually approaches to the fixed value of 1040 nm, which is the central wavelength of
the typical TPPs in the interface between the semi-infinite silver layer and DBR [Fig. 3(b)]. In addition, the sensitivity of
the refractive index sensing has been calculated by changing the refractive index of the medium filled in the metal slits, and
it is found that the sensitivity decreases monotonously with the increase in film thickness (Fig. 5). Therefore, a film
thickness of 8 nm provides the most balanced performance in the transmittance enhancement and highly sensitive refractive
index sensing, which can increase the peak transmittance by about 16% and the sensitive by nearly 50% compared with the
filmless case. When the ambient media refractive index changes continuously from 1.0 to 2. 2, the resonance order of the
FP resonances occurring in the grating slits can be changed from third to fifth order (Fig. 6). Numerical results
demonstrate that the detection range of the third, fourth, and fifth order resonances are 1. 10-1. 26, 1.49-1. 65, and 1. 86—
1. 99, respectively, and the sensitivity and FOM values associated with three resonant modes are monotonically increasing
with the resonant order (Table 1). On this basis, by changing the duty cycle and height of the metal grating, the refractive
index sensing performance of the transmission peaks corresponding to the third, fourth, and fifth-order F-P resonances in
the grating slits is analyzed in detail. The results show that as the duty cycle decreases, the sensitivity will increase
significantly, and the sensing sensitivities of the transmission peaks induced by the fourth and fifth-order resonances
occurring in the grating slits are 171. 2 nm/RIU and 178. 35 nm/RIU, respectively, when the duty cycle of grating equals
0.6 (Fig. 7). Meantime, the refractive index detection range can be shifted by a nearly linear manner by adjusting the
grating height. According to third, fourth, and fifth-order resonant modes in the grating slits, the detection range of the
proposed structure can effectively cover the values ranging from 1.00 to 2. 27 by tuning the height of metal grating from
900 nm to 1200 nm (Fig. 8).

Conclusions In this study, a triple-layer composite structure has been proposed to detect the refractive index of the
ambient medium based on the F-P resonance induced by the TPPs. Research results indicate that introducing a silver film
between the metal grating and DBR can effectively improve the excitation efficiency of TPPs, thereby enhancing the field
intensity of SPP modes within the grating slits and the amplitude of the transmittance peak. Especially when the duty cycle
is reduced to improve the sensitivity, the introduction of silver films can avoid the signal degradation induced by the lower
duty cycle. This configuration can thus assure the high sensitivity to the refractive index of the filling medium in the
gratings slits and the satisfied excitation efficiency of TPPs in the metal film-DBR interface. Moreover, the proposed
structure can adjust the detection range in a nearly linear manner by changing the grating height. In this study, the
detection range of the refractive index can be extended from 1.00 to 2. 27 by adjusting the grating height from 900 nm to

1200 nm. The research results of this study provide an effective design idea for the TPPs-based refractive index sensor.

Key words remote sensing and sensors; surface plasmon polaritons; Tamm plasmon polaritons; metal grating; quasi

Fabry-Perot resonance; refractive index sensor

1428002-8



	1　引        言
	2　模型建立与仿真分析
	3　传感应用性能分析
	4　结        论

