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Fig. 1. Schematical diagram of hexagonal Ag nanoar-
rays embedded in a-SiN.:O films and the geometry
model used in the COMSOL calculation.
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Fig. 2. (color online) The scattering and absorption cross section spectra of Ag particles with various radius
of (a) 25 nm; (b) 50 nm; (c) 75 nm; (d) 100 nm, respectively.
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Fig. 3. (color online) The scattering and absorption cross section spectra of Ag nanoparticle with the radius

of 75 nm (a) and 50 nm (b) under the mutual distance of 50 nm.
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Fig. 4. (color online) The electric field distribution (a) and energy absorption (b) of hexagonal Ag nanoarray

embedded in a-SiN,:O under the excitation of 460 nm.
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Fig. 5. (color online) The electric near-field profiles and surface charges distribution (c) of hexagonal Ag nanoarrays
embedded in a-SiN;:O films for bright mode (a) and dark mode (b) under the excitation of 460 nm.
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Table 1. The electric field distribution of LSP from
hexagonal Ag nanoarrays embedded in a-SiNz:O film

with various thickness from 10 to 50 nm.

JERE 10 nm 30 nm 50 nm
RRME 2.25 3.79 1.42

¥IE 3.84 1.25 2.18

Ji 7 0.65 0.60 0.29

d=30 nm

dasiNg:0 = 30 nm

B/ (V/m)

0 50 100 150 200 250 300
D/nm

2.0

1.0

1/ (V/m)

0.5

da-siNg:0 = 50 nm

0 50

150 200 250 300

D/nm

Ble (MTIRE) (a)# (b), (c), (d) 2F1H 25 MPKMREEFITE 07 B 437129 10 nm, 30 nm, 50 nm ff]
a-SiNz:O AR LSP 4E 4T iz 38 /A F1 LSP i 1714 98 245
Fig. 6. (color online) (a) The cross-section electric near-field distribution of LSP and (b)(c)(d) the electric

near-field enhancement factor of LSP from hexagonal Ag nanoarrays embedded in a-SiN.:O with thickness

of 10 nm, 30 nm and 50 nm.
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Abstract

Simulation on the properties of localized surface plasmon resonance (LSPR) of different sized hexagonal Ag nanoar-
rays embedded in the amorphous oxidized silicon nitride(a-SiN;:O) matrix has been carried out by using COMSOL
Multiphysics and FDTD Solution simulation software. Through the calculation of the scattering and absorption cross
section of Ag array with different radius, we find that the position of extinction peaks red-shift from 460 to 630 nm when
the radius of nanoparticles of hexagonal Ag arrays increases from 25 to 100 nm with the distance between particles 100
nm. The enhanced scattering cross section of the localized surface plasmon (LSP) and blue-shift of the extinction peak
can be obtained by tunning the distance between Ag nanoparticles from 100 to 50 nm with the radius of Ag nanoparticles
fixed at 50 and 75 nm, respectively. However the mismatch between the extinction peak of hexagonal Ag nanoarrays
and the blue light emission of 460 nm from a-SiN,:O films still exists. The novel overlap between the scattering cross
section of LSP from hexagonal Ag arrays with a radius of 25 nm and the blue light emission of a-SiN,:O films at 460 nm
further confirms that the hexagnoal Ag arrays with a radius of 25 nm is the optimal option to enhance the blue light
emission from a-SiN,:O films. Therefore, strong coupling between LSP and blue light emission at 460 nm from a-SiN,:O
films with a thickness of 70 nm can be realized when the radius of Ag nanoparticle is 25 nm. We also investigate the
enhancement of near field radiative intensity of LSP from hexagnoal Ag arrays with a radius of 25 nm. When the exci-
tation wavelength is 460 nm, the maximum enhancement of near field intensity of LSP from hexagnoal Ag arrays with
a radius of 25 nm reaches 1.46 x 10* V/m. The calculated polarization intensity and charge distribution of hexagonal
Ag nanoparticle with a radius of 25 nm embedded in a-SiN,:O films reveal that the enhancement of electromagnetic
field-intensity is through the dipolar plasmon coupling with the excitons in a-SiN,:O films in bright field mode under
the excitation of 460 nm. Further calculation of perpendicular radiative intensity for LSP from the hexagonal Ag array
with a radius of 25 nm embedded in a-SiN,:O films indicates that the maximum radiative intensity can be realized in
a-SiNg:O matrix with an optimum thickness of 30 nm for a-SiN,:O films. Our theoretical calculations and analysis can

provide valuable reference for the design of Si-base blue LED with light emission around 460 nm.

Keywords: localized surface plasmon, hexagonal Ag nanoarrays, polarization mode, optimum radiative

space
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