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Abstract: The hybrid coupling of Tamm plasmon polariton (TPP) and surface plasmon polariton (SPP) on the
surface of a gold film based on the prism coupling has attracted extensive attention and has been widely
investigated. However, the traditional excitation configuration has bulky optical elements and requires accurate
control of the angle of incident light, which limits its integration and practical application. In order to simplify the
excitation condition of the TPP-SPP hybrid mode, a feasible grating-coupled multilayer stack structure is proposed
in this paper. The structure mainly consists of three parts: a nanometric thin gold film on the top layer, a one-
dimensional Bragg photonic crystal in the middle, and a gold nanograting on the bottom. In this structure, the SPR
and TPP resonance excitations on the upper and lower surfaces of the top gold film are simultaneously achieved by
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utilizing the first-order transmitted light of the bottom nanograting. The hybrid coupling between the two modes

greatly reduces the resonance bandwidth of the generated mode, thereby significantly improving the sensing figure

of merit of the generated mode. Additionally, the hybrid coupling of both SPP and TPP modes can be realized in a

wide spectral range by altering the period of the nanograting and the thickness of the one-dimensional Bragg

photonic crystal. Compared with the traditional prism-coupled TPP and SPP dual-mode coupling structures, the

designed grating-coupled multilayer nanostructure can realize the resonant coupling of the two modes at the normal

incidence without prism and limitation of incident angle. This not only facilitates the further integration and

miniaturization of the structure, but also has important significance for broadening the practical application of

surface plasmon resonance sensors.
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Fig. 1 Nanograting coupled multilayer stack structure for improving sensing figure of merit. (a) Three-dimensional schematic for biomolecule
detection; (b) Cross-sectional view of the structure and corresponding material composition. The red arrows represent the propagation path of

the TM polarized light, and the red curves represent the distribution characteristics of the electric field of SPP and TPP in the structure

A1 IHEETRREKL SR TPP-SPP ZefuAs B 45 4 84 JUAT A4k
Table 1 Geometric parameters of high-frequency TPP-SPP hybrid sensing structures operating at different wavelengths

Wavelength/nm P/inm AJnm w/inm hy/nm h,/nm
631 453 1050 180 40 60
737 536 1250 240 40 50
844 617 1440 240 30 50
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Fig. 2 The reflection spectra of the simplified structure. When the incident angle is equal to the first-order diffraction angle of the nanograting
with a period of 536 nm and the thicknesses of the gold film on the top surface of the structure are (a) 400 nm and (b) 40 nm, respectively,
the effect of the center wavelength of the photonic crystal on the reflection spectra of the gold film-photonic crystal multilayer structure;
(c) The relationship between the wavevector and the energy of the incident light in the structure, and the dispersion curves excited
separately by the SPP mode (yellow short dashed curve) and the low-order TPP mode (cyan short dashed line) ;

(d) The reflection spectra of the structure that only excites TPP mode (yellow curve) and SPP mode (blue curve),
and the reflection spectra corresponding to the strong coupling between TPP and SPP (red curve)
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Fig. 3 Reflection spectra and electric field distributions at the resonance positions of the grating-coupled multilayer stack structure.
(a) Reflection spectra of three typical structures, in which there are TPP (yellow curve) and SPP (blue curve) modes and TPP-SPP hybrid
mode (red curve) generated; The spatial electric field intensity distributions of (b) SPP mode, (c) TPP mode; (d) High-frequency and

(e) low-frequency TPP-SPP hybridization modes. The curve in the right inset is the variation of electric field intensity
at the dotted line position in the electric field intensity distribution diagrams
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Fig. 4 Quantitative evaluation of the sensing performance. Reflection spectra of structures with (a) TPP-SPP hybrid mode and
(b) SPP mode at the ambient with different refractive indexes; (c) The amount of red-shift of the resonance wavelengths caused

by the change of the external refractive index; (d) Sensing figures of merit of TPP-SPP hybrid mode (red mark)
and SPP mode (blue mark) under the ambient surroundings with different refractive indexes
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Tamm-surface plasmon hybrid mode for
improving sensing figure of merit

Wei Xinran, Liang Yuzhang', He Yijin, Fang Yurui, Peng Wei

Three-dimensional schematic diagram of the biochemical sensing structure with Tamm-surface plasmon polariton hybrid mode

Overview: Surface plasmon resonance (SPR) sensing technology has attracted widespread attention due to its
advantages of high sensitivity, label-free, and real-time dynamic monitoring. Traditional SPR sensing platform needs the
use of a prism, and requires that the transverse magnetic (TM) polarized light incident at a specific angle to satisfy the
wave vector matching condition and excite the surface plasmon polariton (SPP) mode at the interface between the metal
film and the external environment. Moreover, Tamm plasmon polariton (TPP), as a special plasmon boundary state
mode, can be excited by using the boundary between the one-dimensional Bragg photonic crystal (PC) and the metal
film and has broad application prospects in the fields of new optoelectronic devices. Compared with SPP, the excitation
of TPP does not require wavevector compensation for incident light and can be achieved at any polarization. However,
the enhanced electromagnetic field of the TPP mode is mainly localized inside the structure and cannot sense the
changes in the external environment, which greatly limits its application in the field of biochemical sensing. To break
through this limitation, researchers integrated the one-dimensional Bragg PC structures onto the traditional prism
structures to achieve hybrid coupling of SPP mode and TPP mode by using the oblique incident light, which could
improve the sensing performance of the SPR sensors. However, this kind of TPP-SPP strong coupling excitation also
requires a bulky prism and a precise incident light angle control system, which is not conducive to the miniaturization
and integrated application of the structure. Therefore, we propose a feasible design of a grating-coupled multilayer stack
in this paper. The structure mainly consists of three parts: a nanometric gold film on the top layer, a one-dimensional
Bragg PC in the middle, and a gold nanograting on the bottom. In this structure, the SPP and TPP resonance excitations
on the upper and lower surfaces of the top nano-gold film are simultaneously achieved by utilizing the first-order
transmitted light of the bottom nanograting. The coupling hybridization between the two modes greatly reduces the
resonance bandwidth of the generated hybrid mode, resulting in a significant improvement in its sensing figure of merit.
In addition, the coupling hybridization of the SPP and the TPP can be realized in a wide spectral range by changing the
period of the nanograting and the thickness of the dielectric layers constituting the one-dimensional Bragg PC.
Compared with the traditional prism TPP and SPP dual-mode coupling structure, the designed multilayer
nanostructure can realize the resonance coupling of the two modes over broad wavelength ranges at the normal
incidence. These results not only make it easier to further integrate and miniaturize the structure, but also have
important significance for broadening the practical application of the surface plasmon resonance sensors.

Wei X R, Liang Y Z, He Y J, et al. Tamm-surface plasmon hybrid mode for improving sensing figure of merit[J]. Opto-
Electron Eng, 2022, 49(11): 220217; DOI: 10.12086/0ee.2022.220217
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