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Surface Plasmon Basics

Collective charge oscillations
formed when light interacts with
surface electrons of noble metals

A Propagating surface plasmons
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A Localized surface plasmons
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Plasmonics and the 3M Principle

A MAKE

I Synthesis of nanoscale materials
I Fabrication of lattices & tiny circuits

A MEASURE

I Light-structured matter interactions
I New optical microscopy tools

A MODEL

A Applications  of harvesting and controlling light

I Electromagnetic cloaking and subwavelength imaging
I Solar cells and other opto-electronic devices
I Ultra-sensitive sensors and therapeutic agents



Platform for Multi-scale Patterning

A Nanoscale Features:

Interference Lithography
& Phase Shifting Photolith

A Microscale Features:
Contact
Photolithography

A Macroscale Areas:
Soft Lithography +
Microfabrication




PEEL

Phase shifting photolithography + Etching + E-beam Deposition + Lift-off

Deposit Cr; lift-off Anisotropic Si-etch
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Release pyramids
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The PEEL-Ing Movie




At omi ¢ & Met al n At

A Materials that derive
properties from structure

A New building blocks:
METAL holes or pyramids
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Wavevector

T.W. Odom



Large-area Au Film
of Nanoholes

200 nm

J. Henzie, M.H. Lee, and T.W. Odom, Nature Nanotech. 2, 549-554 (2007) 2 mm
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Measured & Calculated Dispersions
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Numerical
Instabilities
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H. Gao (Odom group) and A. Zayats (QUB, UK)



Tuning Dispersion Diagrams

Changing the refractive index of superstrate
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Hierarchical Nanoscale Patterning

.

Expose through PDMS mask

2nd exposure
l through Cr mask

===

J. Henzie, M.H. Lee, and T.W. Odom, Nature Nanotech. 2, 549-554 (2007)
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Measured & Calculated Dispersions

Calculation
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H. Gao (Odom group) and H. Giessen (U. Stuttgart)




Nanohole Films as PEEL-able Masks

White light
from DF condenser

Sample
‘go
ubstrate @ @l "

Single particle calculation
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J. Henzie, M.H. Lee, and T.W. Odom, Nature Nanotech. 2, 549-554 (2007)
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Multi-scale Patterning of Cu and Ag
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NCLT Plasmonic

”NanOEd Resou

=8 0O I the coliectao

Simulations

& Energy (e |E[)  Electric Field: y-component " Electric Field: x-component

<—

0 T=60004t1
Iteration = 654
Thin Film:  Silver metal (Drude model)
Tangertial componerts of the electric field
are non-zero at conductor boundaries

IEy |miax = 123.495 X103 Vim

| Ey | max = 90.081 x10-2 ¥im

| Epmax 12 =15.251 x 103 v2irr *
To maximize resolution, the 2-D plots 1
scaled using the maximum running vall
the domain st each tteration
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Scattering by a Ag nanoparticle
>

Silver particle simulation 1

5
8 1. Choose the color of light source. Wavelengt
4 Green( {‘5_29_’ nm)
n [H
" 300 nm 1000
o Legend
m [ R |
e -0.5 0 0.5
t 2. Choose particle radius (in nanometers)
e s
r particle radius is L’ am
s I’L
5 nm 100
— 480 nanometers —
Click the picture to zoom in {picture will appear in a new

window}

I 3. Run test and watch the animation
1 Frame # 16, time is 2.4fs 37 [[RunTest ] [Animate ] [Stop]
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Transmission through a slit



NCLT Nanopatterning Experiments

NanOEd Resource Portal

and dissemination of information for the NSEE community

V. Meenakshi, Y. Babayan, and T.W. Odom, J. Chem. Ed. 84, 1795 (2007)



