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Surface Plasmon Basics

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

ÁPropagating surface plasmons

ÁLocalized surface plasmons 
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ÅMAKE
ïSynthesis of nanoscale materials

ïFabrication of lattices & tiny circuits 

ÅMEASURE
ïLight-structured matter interactions

ïNew optical microscopy tools

ÅMODEL

ÅApplications of harvesting and controlling light

ïElectromagnetic cloaking and subwavelength imaging

ïSolar cells and other opto-electronic devices

ïUltra-sensitive sensors and therapeutic agents

Plasmonics and the 3M Principle



ÅNanoscale Features:

Interference Lithography

& Phase Shifting Photolith

ÅMicroscale Features:

Contact 

Photolithography

ÅMacroscale Areas:

Soft Lithography + 

Microfabrication

Platform for Multi-scale Patterning

200 nm



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

Deposit Cr; lift-off Anisotropic Si-etch

Deposit materials

Etch Cr-layer

Release pyramids

Free - standing hole array film

T.W. Odom



The PEEL-ing Movie

T.W. Odom



1 nm

Atomic & Metal ñAtomò Lattices

ÅMaterials that derive 

properties from structure

ÅNew building blocks: 

METAL holes or pyramids
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200 nm

2 mm

Large-area Au Film 

of Nanoholes

900800700600500

Wavelength (nm)

T
ra

n
s
m

is
s
io

n
 (

 a
.u

.)

0

2 2

m d
SPP

m d

a

i j

e e
l

e e
=

++

(1,0)Au-glass

(1,1)Au-glass

J. Henzie, M.H. Lee, and T.W. Odom, Nature Nanotech. 2, 549-554 (2007) 
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Transmission ( a.u.)

H. Gao (Odom group)
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Measured & Calculated Dispersions
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Tuning Dispersion Diagrams

H. Gao (Odom group)

n = 1.0

Changing the refractive index of superstrate

n = 1.70

Wavevector (µm-1)0 15.31



Hierarchical Nanoscale Patterning

Expose through PDMS mask

2nd exposure 

through Cr mask

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

PEEL

Develop photoresist



Arrays of Arrays:

Nanohole Patches
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Infinite ArrayCalculationSquare Patchn = 1



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

Nanohole Films as PEEL-able Masks
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Deposit material; 

peel off Au-film



Multi-scale Patterning of Cu and Ag 

Nanoparticles

2 mm

10 mmJ. Henzie, M.H. Lee, and T.W. Odom, Nature Nanotech. 2, 549-554 (2007) 



Scattering by a Ag nanoparticle

Transmission through a slit 

NCLT Plasmonic Simulations



NCLT Nanopatterning Experiments

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


