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Abstract

modulation simultaneously have profound significances for fabricating nano-optoelectronic devices. This paper proposes

Constructing a nanoelectrode for an individual nanoparticle and realizing the spectral characterization and

and prepares the nanostructure made up of gold (Au) interdigital electrodes loaded with barium titanate (BaTiO,)
nanoparticles, thereby physically couples surface plasmon polariton mode of collective grating with Mie resonance of
BaTiO; nanoparticles and local surface plasmon resonance mode at the interface of Au-BaTiO,. Therefore, the scattering
modulation and characterization of individual BaTiO, nanoparticles with a diameter less than 200 nm loaded on interdigital
electrodes are realized. The platform uses the grating structure as the "background screen", which overcomes the undesired
scattering signal from the whole electrode structure and solves the problem for detecting the scattering signal of individual
nanoparticle when combined with electrodes. BaTiO, nanoparticle-based nanopixels with diameters less than 200 nm
exhibit tunable scattering spectra in the visible range depending on grating size and polarization, which provides an

approach for further building tunable optoelectronic devices based on single nanoparticle.
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Fig. 1  Structure of nanoparticles on grating. (a) Fabrication process of Au nanograting; (b) schematic diagram of BaTiO, nanoparticles

loaded on Au nanograting
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Fig. 2 Morphologies and optical properties of Au nanograting with different periodic constants. (a) Dark-field optical images and SEM

images; (b) dark-field scattering spectra under TM-polarized incident light; (¢) chromaticity diagram corresponding to dark-field

sacttering under TM-polarized incident light
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Fig.3 Analysis on coupling mechanism of Au nanograting under incident light with different angles and polarizations. (a) Schematic

diagram explaining Au nanograting scattering mechanism; (b) dark-field optical images under TM-polarized and TE-polarized

incident lights, and illustration for the polarized state of incident light; (c¢) dark-field scattering spectra under TM-polarized and

TE-polarized incident lights
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Fig.4 Morphologies and optical properties of Au nanograting with BaTiO, nanoparticles.
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(a) Dark-field optical images and SEM

images; (b) dark-field scattering spectra under TE-polarized incident light; (¢) dark-field scattering spectra under TM-polarized

incident light; (d) chromaticity diagram of scattering spectra for BaTiO, nanoparticles
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Fig.5 Scattering spectra and mode analysis. (a) Experimental scattering spectra and (b) corresponding simulated scattering spectra of
Au nanograting with or without BaTiO, nanoparticles under TE-polarized and TM-polarized incident lights; (c) schematic
diagram for the oblique incident light in experiment and simulation; (d) simulated scattering spectra of Au nanograting with

BaTiO, nanoparticles at different sizes under TE-polarized and TM-polarized incident lights
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Fig.6 Mechanism of optical mode coupling and simulated cross-sectional electric near-field distributions. (a) Schematic diagram

explaining the optical mode coupling mechanism; (b) simulated cross-sectional electric near-field distributions of Au nanograting
at resonant wavelengths; (¢) simulated cross-sectional electric near-field distributions of Au nanograting with BaTiO,

nanoparticles at wavelengths corresponding to the LSPR modes
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