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Detection of surface plasmons based on periodic grating structure
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Abstract: Owing to the ability of surface plasmons to circumvent the optical diffraction limit and ultra-
fast transmission speed. they are expected to replace electrons and photons as signal carriers in the
construction of next-generation high-speed, highly integrated optoelectronic integrated circuits. They
can integrate the high bandwidth characteristics of the optical system with the compactness of the
electronic system. However, the detection of surface plasmons is difficult. In this study, a simulation
model that includes a grating coupler, strip waveguide, and detecting grating was established based on
the finite-difference time-domain method for detection surface plasmons both in the visible and optical-
communication bands. We first analyzed the operation principle of the proposed detection structure
and established three simulation models operating at 670, 1310, and 1 550 nm. Next, the relationship
between the coupling efficiency and polarization angle of the incident light was analyzed along with

that between the absorption efficiency and waveguide length. Finally, the detection structure was
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experimentally prepared according to the simulation models. The results reveal that the coupling
efficiency exhibits a cosine squared relation with the polarization angle. In the case of a 5-pm
waveguide, the absorption efficiency is 4. 3% at 670 nm and its attenuation length is calculated as
17.1 pm, which is consistent with the theoretical value of the propagation length (17. 5 pm).
Furthermore, the variation trend of the photocurrent with polarization angle obtained through
experiments matched with the absorption efficiency in simulations. The detection structure is proved
to effectively detect the surface plasmons. The proposed models for detecting surface plasmons
provide theoretical and experimental bases for future high-speed and integrated plasmonic interconnect
circuits.

Key words: photoelectric devices; surface plasmons; periodic gratings; optoelectronic integrated circuits
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Fig. 1 Simulation model for surface plasmons detection
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Fig. 2 Simulation results at 670 nm
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Tab.1 Parameters of detection model in optical communication bands
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Fig. 4 Coupling efficiency and absorption efficiency as a

function of polarization angle of incident light
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Fig. 7 Photoelectric properties of detection structure
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