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Guiding and Manipulating Light at the Nanoscale Outline
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Free electrons
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Polarization:
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Pulse dispersion
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Pulse dispersion

At  t = 0: 
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Pulse dispersion

 normal dispersion

 no dispersion

 anomalous dispersion
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Pulse dispersion compensation Pulse dispersion

Write dispersion as Taylor series:
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Pulse dispersion compensation
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nanoscale optics

Nonlinear optics

Linear optics:

Nonlinear polarization:

and so:
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Nonlinear optics

Second-order polarization:

Physical interpretation:
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Nonlinear response:
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Nonlinear optics

Third-order polarization:
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Nonlinear optics
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E = 0 on the nodal lines
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or:

planar mirror 300 < d < 600 nm

dielectric d < 268 nm

.

yields:
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d < 268 nm

d < 5 µm

®

index n1 = 1.468 n2 = 1.462

diameter: 8.3 µm 125.0 ± 1.0 µm

Q = 1310 nm/1550 nm



1 µm
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diameter D

 L: up to 90 mm

aspect ratio D/L: up to 106

 )D/L: 2 x 10–6

Nature 50 µm

d = 260 nm
L = 4 mm

200 nm 20 nm



2 µm 20 µm

20 µm

Optical properties



Optical properties

280-nm nanowire

360 nm

450 nm
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Optical properties

evanescent wave
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Optical properties Optical properties

Optical properties
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Optical properties

50 µm

Optical properties

Optical properties Optical properties

100 µm

minimum bending
radius: 5.6 µm
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dispersion:
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accumulated phase:
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Optical logic gates Optical logic gates

need a different approach!

 • lithographic fabrication

 • greater index

 • greater nonlinearity



Optical logic gates

10 µm

Optical logic gates

TiO2 properties

 large nonlinearity 30x silica

 high index of refraction 2.4

 wide bandgap 3.1 eV

 low two-photon absorption > 800 nm

 effective nonlinearity 50,000 W–1 km–1

Optical logic gates

reactive sputtering of titanium with oxygen

Optics Express, 20, 23821 (2012)

Optical logic gates

Optics Express, 20, 23821 (2012)

Si wafer

thermal oxide

begin with silicon wafer with thermal oxide



Optical logic gates

Optics Express, 20, 23821 (2012)

Si wafer

thermal oxide
titania film

deposit titania using reactive sputtering

Optical logic gates

Optics Express, 20, 23821 (2012)

Si wafer

thermal oxide
titania film

e-beam resist

spin on e-beam resist

Optical logic gates

Optics Express, 20, 23821 (2012)

Si wafer

thermal oxide
titania film

write pattern using e-beam

Optical logic gates

Optics Express, 20, 23821 (2012)

Si wafer

thermal oxide
titania film

develop to remove exposed regions



Optical logic gates

Optics Express, 20, 23821 (2012)

Si wafer

thermal oxide
titania film

deposit thin metal film

Optical logic gates

Optics Express, 20, 23821 (2012)
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dissolve resist, lift off metal film

Optical logic gates

Optics Express, 20, 23821 (2012)

Si wafer

thermal oxide

reactive ion etch through titania film

Optical logic gates

Optics Express, 20, 23821 (2012)

Si wafer

thermal oxide

remove remaining metal



Optical logic gates

300 nm

Optical logic gates

50 µm

Optical logic gates
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Optical logic gates
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Optical logic gates

10 µm

L = 0 µm

Optical logic gates

10 µm

L = 4 µm

Optical logic gates

10 µm
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Summary
 

 

• several nanodevices demonstrated

• large ! permits miniature Sagnac loops

• switching energy ~ 100 pJ

Summary
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