
Near- and far-field microscopy of nonlinear plasmonic enhancement effects
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Figure 4: Colloidal Lithography: a) Drop casting of self-assembled polystyrene beads. b) Evaporation
of gold. c) Lift-off process of beads via tape. d) Goldfilm on a coverslip with nanoholes.

Figure 5: SEM picture of randomly distributed nanoholes in
a gold film. Demonstrating nearly no clustering effects and
random distribution on the surface. Inset: Showing a
magnified hole, illustrating the nearly perfect round shape.

Figure 6: FWM image of nanoholes. Many
holes cannot be clearly distinguished due to
the optical resolution limit. Different
intensities of the holes could originate from
different shapes or interference of higher
hole densities.
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Figure 8: Spectrum of a nanohole area. The
strongest peak corresponds to the four wave
mixing (FWM) frequency. A weak signal at the
second harmonic frequency is observed. The
broad backround originates from multi-photon
excited luminescence (MPEL).

1. Random order
2. Large areas up to several cm2

3. Cost efficent
4. No far-range order
5. Size depends on beads

1. High size/shape control
2. Only small areas
3. Special patterns possible
4. Near- and far-range order
5. Reproducibility

Figure 9: a) Evaporation of a gold film
on a coverslip. b) Focused Ion Beam
(FIB) milling of the nanohole pattern
with high precision of shape, size and
position. c) Final substrate.
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Figure 12: Near-field Scanning Optical Microscopy
(NSOM) for more detailed and closer insight. For
better anlysis of the different effects in the
ordered and randomly distributed nanoholes.

Colloidal Lithography Focused Ion Beam Lithography

Figure 2: Four wave
mixing is a nonlinear
optical process (2ω1-
ω2=ωFWM). The efficiency
of this conversion is
material dependent and
illustrated by the χ3

value.

Figure 1: Schematic of a nonlinear microscope. A 76 MHz with 7 ps pulsed laser is providing two outputs. Both beams are overlapped in
time and space and focused on the sample. The detection path contains various detector possibilities such as photomultiplier tubes
(PMT) or a spectrometer.
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Figure 10: AFM picture of arrayed
nanohole pattern. Pitch size 550 nm
and hole diameter is 110 nm. Area:
2x2 µm2

Figure 11: FWM image of a nanohole array. a) Full size of the 75x75 µm patterned array. Also showing the low background of areas
without holes. b) Zoomed in, indicating the even intensity distribution of the whole array. c) showing individual holes with FWM
further highlighting the reliability of the fabrication and detection.

Figure 7: Extinction spectrum of randomly patterned
nanoholes with a diameter of 150 nm. The maximum is
connected to a higher absorption due to SPP generation at
the gold air interface. The second minimum indicates the so
called extraordinary optical transmission (EOT).
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Figure 3: Coupling
of light in gold
nanoholes
generates surface
plasmons (SP) and
localized surface
plasmons (LSP).
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Figure 14: Extinction spectra of a nanohole film with
and without adipose tissue, resulting in a strong shift
in plasmonic resonances.

Figure 13: Finite Difference Time Domain (FDTD) simulated spectrum
of a nanohole array. Arrows mark the same properties of the sample
with the measured spectrum (Fig. 14).
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FIB Lithography:Colloidal Lithography:

Plasmon based nanomaterials have attracted a lot of interest in research and application as biosensors
and as analytical tools. Here we fabricate different types of gold based nano-materials and their
characterization using linear and nonlinear spectroscopic and microscopic techniques. An example of
an ordered array of nanoholes and randomly distributed nanoholes is presented.

The (localized) SP are enhancing the nonlinear
signal generation. While the randomly
distributed nanohole pattern can be produced
faster and on a larger and more cost efficient
scale, the FIB produces highly controlled
patterns in a more reproducible way. Thus,
allowing to change the plasmon resonant
condition in a controlled way. This allows for
better analysis and understanding of the
underlying processes and can help to relate
these effects to the colloidal lithography
samples to optimize the production parameters.
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