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Idea: Electrostatic Approach

» We use the electrostatic force to fabricate nanoparticle-
based devices from the gas phase

1. Size classification
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Adjust electric field to control the

selected particle size

2. Directed Assembly

After electrostatic classification,
nanoparticles are unipolarly charged:

Selective deposition on a charge
patterned surface

We create charge patterned surface based on the the  ory of PN junction:

Charge depletion zone
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Due to the doping level difference Charge depletion zone will be
between P-N, charge depletion zone  expanded by applying a
will be formed at the P-N junction. reverse bias => enhance the

(1) Align positive particles
on the P-type region : @
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(2) Position negative particles
on the N-type region : @

Coze D
Repel‘ ~ @

P N

selective deposition.

=

-

@/ Directed Assembly of Functional Ag Nanoparticles on a Field Generating Substrate NH
De-Hao Tsai, Shy-Hauh Guo, Ray J. Phaneuf, and Michael R. Zachariah

Application: Ag Nanoparticle-Based Bio-Sensor

Background: Surface plasmon resonance (SPR) of Ag nanoparticles can enhance the fluorescence intensity in a
bio-sensing process. Ag nanoparticle-based devices arouse great interest.
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Enhanced fluorescence implies higher sensitivity.

1. Metal Enhanced Fluorescence (MEF)

* SEM images of 100 nm Ag
nanoparticles.

« Size-selected, charged Ag
particles are
homogeneously distributed
on the substrate.

» Scanned fluorescence
image of 100 nm particles

| coated with Cy3.
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(Isubstrate) Strong fluorescence enhancement by Ag
nanoparticles. MEF ratio ~10.

2. Assemble Ag nanoparticles on PN substrates

We prepare size-selected Ag nanoparticles and then
position them into N-type region by electrostatic
force.
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High coverage selectivity can be achieved for
different sized particles (V = -0.9V).

Prospective Work

1. Select the particle size of Ag nanoparticles
with the highest MEF

We can tune the particle size to suitably match the
fluorescence frequency of the required fluorophores
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2. Directed Assembly of various Ag nanoparticles

patterns
spacing spacing PN junction
patterns, we
can prepare
different kinds
of nanoparticle
patterns.
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Measured by Dr. Phaneuf's group, Laboratory for Physical Science.

Ag Nanoparticle-Based Bio-Sensor




