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Figure 1 (Color online) Schematic of the gold ellipsoid nanoparticle
arrays. The periods along the x and y axes are P,, P,, respectively. The
light with its electric field along the major axis of the ellipsoid is
incident normally on the sample plane. Particle array is placed in air (a)
and on a planar dielectric waveguide (b). The refractive indexes of the
waveguide are n,, ny, n,., ny, n, from top to bottom. The thickness of the
middle layer is .
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Figure 2 (Color online) Transmission spectra (solid line) of gold
ellipsoid nanoparticle array placed in air with the periods P,=200
mm, P,=650 nm (a) and P,=650 mm, P,=200 nm (b). Dashed lines
represent the extinction spectra of a single gold nanoparticle and

black dash-dot lines indicate the position of Wood anomaly. The
insets show the schematic of the array with corresponding periods.
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Figure 3 (Color online) Schematic of the Wood anomaly scattering
occurred in the particle arrays. The electric field E; and wave vector
k; of the incident light are along the x and —z axes, respectively. (a)
The period of the array along the y axis is larger, thus the wave vector
of the scattered wave k, is along the y axis and the polarization of
electric field is kept unchanged. (b) The period of the array along the
x axis is larger, thus k; is along the x axis and the polarization of the
magmatic field is kept unchanged, while the electric field of the

scattered wave E, is redirected along the z axis.
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Figure 4 (Color online) Transmission spectra (solid line) of gold
ellipsoid nanoparticle array located on an optical waveguide with the
periods P,=200 mm, P,=490 nm (a) and P,=490 mm, P,=200 nm (b).
Dashed lines represent the extinction spectra of a single gold
nanoparticle placed on a substrate and black dash-dot lines indicate
the position of waveguide mode. The insets show the schematic of the
array with corresponding periods.
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Figure 5 (Color online) Calculated normalized x component of
electric field intensity distribution calculated at the cross section
through the center of the gold ellipsoid nanoparticle for Wood
anomaly and resonant waveguide mode. (a) and (b) particle array is
placed in air. The wavelength is at the Wood anomaly, namely
Awooa=650 nm, while the periods of the array are P,=200 mm, P,=650
nm and P,=650 mm, P,=200 nm, respectively. (c) and (d) particle
array is located on the optical waveguide. The wavelength and the
periods are Awg,rg=738 nm, P,=200 mm, P,=490 nm and
Awgre=731 nm, P,=490 mm, P,=200 nm, respectively.
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Conditions for Fano resonance excitation in 2D array metallic
particles

JIN YueRong, CHEN Zhuo & WANG ZhenLin

School of Physics, Nanjing University, Nanjing 210093, China

In this paper, we study the excitation conditions of Fano resonance of gold ellipsoid nanoparticles in an ordered array
located in a homogenous medium (air) and on an optical waveguide. By controlling the period of the array, the
diffracting surface mode of the 2D array or the waveguide’s eigenmode coupled with the incident wave can be tuned
around the local plasmon resonances of the individual gold nanoparticles, under which the fundamental criterion for
the Fano resonance is fulfilled, namely a spectrally overlap between a broad resonance and a narrow discrete mode.
However, we find that in some cases, Fano resonance could not be excited efficiently even the above condition is
satisfied. By analyzing the field distribution of the respective resonance modes, we conclude that the in addition to
the above requirement of spectral overlap, the two modes with different line-widths must have the same electric field
component in order to excite Fano resonance. Our results give a deeper understanding of the physics of Fano
resonance, as well as a strategy in the design of nanophotonic structures and devices that are based on Fano
resonance.

Fano resonance, metallic nanoparticle, plasmon resonance, Wood anomaly, transmission spectrum
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