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FIG. 5. (Color online) Babinet’s principle applied to disk and
hole arrays. The transmittance (reflectance) of the disk array
for light of a given polarization o (s or p) is identical to the
reflectance (transmittance) of the complementary hole array
for orthogonal polarization o’ (p or s, respectively).
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IG. 1. Scanning electron micrographs of square nanohole
arrays in gold. (a) Nearly circular holes. (b) Elliptical holes, 0.6
ispect ratio and major axis at —12° to the [1, 0]. (¢) Elliptical

oles, 0.6 aspect ratio and major axis at 33° to the [1, 0] axis.
d) An expanded view of (c) showing the full 16.1 gem wide
array of 529 holes (holes spaced by 704 nm).




Mormalized Transmission

o 45 90 135 180

Polarization Angle (degraes)

FIG. 3. Polarization dependence of transmission at the ((), 1)
resonance peak, normalized to the maximum Transmission
shows cosine dependence when the major axis of the ellipse is
oriented both at 0° and 33° to the [ 1, 0] axis of the array. The p
polarization, along the [(, 1] direction of the lattice, corre-
sponds to a polarization angle of zero degrees. The maximum
transmission occurs for polarization perpendicular to the broad
side of the ellipse.
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FIG. 4. The depolarization ratio of the transmitted light as a
function of the aspect ratio of the holes. Solid line shows the
vy = x* curve.
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FIG. 2 Transmission spectrum through elliptical nanohole
array for two orthogonal linear polarizations, with a 0.3 aspect
ratio between the minor and major axes of the ellipse. The p
polarization is parallel to the [(, 1] direction.
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FIG. 5. (a) Elliptical holes approaching limiting case of slits,
which only show enhanced transmission for p polarized light.
(b) Enhanced SP excitation perpendicular to major axis of
ellipse leads (o preferential excitation of the (0, 1) resonance
with respect to the (1, 0) resonance. (¢) Coupling both into and
out of the 5P mode is required to obtain enhanced transmission
from periodic array of holes, which results in a squared
dependence of the enhanced transmission on the coupling
strength.
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a bare gold surface: b gold with monolayver of MUA; and ¢ gold-
MUA layer with B5A.
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Strong Influence of Hole

FIG 1. Focused ion beam images of two periodic subwave-
length hele arrays tabricated in a 200 nm thick gold film. Both
arrays have a period of 423 nm. (a) An array consisting of
circular holes with a diameter of 190 nm. (b} An array con-
sisting of rectangular holes of 75 % 225 nm~.
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Optical trapping with
nanoholes
Manipulation target:

» cells, virus, DNA

» non-biological particles in fluidic

Critical trapping distance from the surface, d Nm
metal I
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where 1 is the wavelength of the light source, n,, is the
refractive index of the medium mn which the particles are
suspended, £, 15 the real part of the dielectric constant of
the metal, a 15 the particle radius, m = E& 15 the refractive
index contrast, with n, being the refractive index of the
particle, 1,(0) 1s the surface plasmon intensity at the surface
of the metal, and /, 1s the ntensity of the transmutted light
through the nanoholes. If the surface plasmon intensity 1
shghtly higher than the transmitted light intensity, a trap-
ping distance of (1.5 pm may be obtained

nature photonics |[VOL 1 | JANUARY 2007
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The SPR effects were produced on the
nanoscale holes in the Au film and on the
separate Au disks at the bottoms of the wells
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Nanoholes Improve
Single-Molecule Analysis

Subwavelength holes in an
film enable researchers

zero-mode waveguides,
permitting the excitation i
for  fluorescence correlation
spectroscopy to enter into the
sample  chamber as an
evanescent field so that only one
molecule near the openil[:g
may be stimulated. The arrays
of holes are chemically isola

on the chip, allowing the userjtos
perform multiple experimeRits
simultaneously. |
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LSPs dominate the EOT more than SPPs on the same substrate.
Optical transmission from 3D hole arrays iIs an order of
magnitude higher than thatfrom 2D planar hole arra
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Metal Nanohole Array _Cy5
Fabricated on Quarts Substrate
Quarts

Fluorescence
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Fluorescence images of single GroEL enzymes labeled with 1C-5 immobilized in the metal fi&fiohole array on
a quartz glass substrate. The quantized photo-bleaching proves the single molecule detection in each
nanohole. The fluorescent dye Cy-5, which is diffused in water so that it mimics a protein in order to interact
with GroEL, does not produce background noises because the laser light is guided only to the immobilized
GroEL via the nanohole wave-guides.
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