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large divergence, small NL interactions

free-space
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strong confinement, sustained NL interactions

waveguides
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50 µm

d = 260 nm
L = 4 mm

nanowire waveguides
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nanowire waveguide
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nanowire waveguide
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self-phase modulation:   n = no + n2I

spectral broadening
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self-phase modulation:   n = no + n2I
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strong confinement
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strong confinement

1  texturing1   all-optical logic



strong confinement
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strong confinement
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strong confinement

1  texturing1   all-optical logic



strong confinement
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large evanescent field

1  texturing1   all-optical logic



silica fiber at 800 nm
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high effective nonlinearity
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100 µm

routing light

1  texturing1   all-optical logic



in

out out

Nanoletters, 5, 259 (2005)

splitters for devices
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nanowire Sagnac interferometer

 coupling
region

all-optical modulation
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nanowire Sagnac interferometer
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nanowire Sagnac interferometer

 coupling
region

 input

 cw  ccw
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1  texturing1   all-optical logic



nanowire Sagnac interferometer
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region
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 reflected  transmitted

all-optical modulation
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output = transmitted cw + ccw power
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all-optical modulation
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input electric field amplitude Ein 
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coupling parameter: ρ
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phase accumulation over path length of loop     
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coupling parameter: ρ
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output is sum of transmitted cw and ccw  
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accumulated phase:

� � nko

Manipulating light at the nanoscale
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power-dependent output:
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power-dependent output:

for 50-50 coupler:

E 2
out

E in
2 � 1 � 2�(1 � �){ 1 � cos[ ( 1 � 2�) �P oL ] }

� � 0.5

Manipulating light at the nanoscale

power-dependent output:

E2
out

Ein
2  1  2r(1  r){1  cos[(1  2r)gPoL] }

Manipulating light at the nanoscale

power-dependent output:

for 50-50 coupler:

E2
out

Ein
2  1  2r(1  r){1  cos[(1  2r)gPoL] }

r  0.5

all-optical modulation

1  texturing1   all-optical logic



power-dependent output:
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when ρ ≠ 0.5:
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nonlinear nanogate

logic gates
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nonlinear nanogate
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for NAND gate need ouput with no input
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for NAND gate need ouput with no input
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for NAND gate need ouput with no input
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universal NAND gate
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• modal dispersion

• material dispersion

• waveguide dispersion

dispersion can change the intensity
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waveguide dispersion
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Titanium dioxide (TiO2)
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  large nonlinearity:      30 x silica  
  high index of refraction:   2.5
  wide bandgap:        3.1 eV
  low two-photon absorption:   800 nm
  

several phases:
rutile, anatase, brookite and amorphous

TiO2 material properties

Evans et. al., Opt. Express 20, 3118-3128 (2012).
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deposition: low-loss films
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200 nm
λ = 800 nm

Air

TiO2 n = 2.4

SiO2 n = 1.45

Silicon

planar waveguide
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400 nm

  
Silica

TiO2

nano-scale structuring
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straight rib waveguides
50 μm

visible light propagation
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200 um
λ = 780 nm

amorphous waveguides
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200 um
λ = 780 nm

anatase waveguides
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r

100 µm

r = 20 µm

microbends

1  texturing 2   NL materials 3  TiO2 photonics1   all-optical logic



100 µm

r = 20 µm

microbends
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variable splitters
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variable splitters
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variable splitters
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4 μm

more complex devices
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4 μm

more complex devices
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200 nm200 nm TM, λ = 800 nm

the first nonlinear optics in TiO2

1  texturing 2   NL materials 3  TiO2 photonics1   all-optical logic



the first nonlinear optics in TiO2
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the first nonlinear optics in TiO2

Υ ~ 40 W–1m–1

(~40,000 x silica fiber)
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the first nonlinear optics in TiO2

200 nm TE, λ = 1550 nm

up to 4x stronger anomalous disperison
than silica nanowires
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... spanning the communications octave!

Υ ~ 10 W–1m–1

(10,000x silica fiber)
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Summary

switching photons with photons

introduced a novel material
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Summary

switching photons with photons

introduced a novel material

... close to the first nonlinear Sagnac in TiO2

1  texturing 2   NL materials 3  TiO2 photonics1   all-optical logic





Funding:

National Science Foundation

Nanoscale Science and Engineering Center
Harvard Quantum Optics Center

Department of Energy

for more information and a copy of this presentation:

http://mazur.harvard.edu

Follow me!               eric_mazur


