
Nonlinear nanophotonics

12th International Conference on Near-field Optics, 
Nanophotonics and related Techniques 
Donostia-San Sebastian, Spain 2 September 2012



Limin Tong Tommaso BaldacchiniRafael Gattass Geoff Svacha

eric_mazur



and also....

Chris Evans
Jonathan Aschom

Mengyan Shen
Iva Maxwell
James Carey

Brian Tull
Dr. Yuan Lu

Dr. Richard Schalek
Prof. Federico Capasso

Prof. Cynthia Friend

Prof. Markus Pollnau (Twente)
Xuewen Chen (Zhejiang)
Zhanghua Han (Zhejiang)
Dr. Sailing He (Zhejiang)

Liu Liu (Zhejiang)
Dr. Jingyi Lou (Zhejiang)
Dr. Ray Mariella (LLNL)

Prof. Frank Marlow (MPI Mühlheim)
Prof. Sven Müller (Göttingen)

Prof. Carsten Ronning (Göttingen)









Outline

• waveguiding

• manipulating light at the nanoscale

• nonlinear optics

• nanoscale nonlinear optics



“I managed to illuminate the interior of a stream in a dark 
space. I have discovered that this strange arrangement offers  
one of the most beautiful, and most curious experiments that 
one can perform in a course on Optics.” 

Daniel Colladon, Comptes Rendus, 15, 800–802 (1842)



D. Colladon, La Nature, 325 (1884)





US Patent 247, 229 (1881)











Waveguiding

transverse standing wave, traveling along axis
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Manipulating light at the nanoscale

Nature, 426, 816 (2003)
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50 µm

d = 260 nm
L = 4 mm
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Manipulating light at the nanoscale

Poynting vector profile for 200-nm nanowire
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Manipulating light at the nanoscale

100 µm

minimum bending
radius: 5.6 µm



Manipulating light at the nanoscale

420 nm420 nm

aerogel

Nanoletters, 5, 259 (2005)
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Nonlinear optics

Nonlinear polarization can drive new field:

But even terms disappear in media with inversion symmetry!
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Consider oscillating electric field:
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Nonlinear optics

Consider oscillating electric field:

Second-order polarization:

Physical interpretation:

E(t) E ei t c.c.
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Can also cause frequency mixing!
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Third-order polarization:

3 frequencies, 3 terms + c.c.: complicated! In general
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Intensity-dependent index of refraction:
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Q:	Sketch the time dependence of the frequency shift for a 
Gaussian pulse and determine which is true (assume n2 > 0):
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Nanoscale nonlinear optics

strong confinement high intensity
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Nanoscale nonlinear optics

energy in nanowire < 100 pJ!
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Optical logic gates

output = transmitted cw + ccw power
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coupling parameter: r
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for NAND gate need ouput with no input

0.435

input power (W)

logic “1”

ou
tp

ut
 p

ow
er

 (W
)

0 20 40 60 80 100

50

40

30

20

10

0

A

QB

C

 A B Q

 0 0 1
 



Optical logic gates

universal NAND gate

0.435

input power (W)

logic “1”

ou
tp

ut
 p

ow
er

 (W
)

0 20 40 60 80 100

50

40

30

20

10

0

A

QB

C

 A B Q

 0 0 1
 1 0 1
 0 1 1



Optical logic gates

universal NAND gate

0.435

input power (W)

logic “1”

ou
tp

ut
 p

ow
er

 (W
)

0 20 40 60 80 100

50

40

30

20

10

0

A

QB

C

 A B Q

 0 0 1
 1 0 1
 0 1 1
 1 1 0



Optical logic gates

universal NAND gate

0.435

input power (W)

logic “1”

ou
tp

ut
 p

ow
er

 (W
)

0 20 40 60 80 100

50

40

30

20

10

0

A

QB

C

 A B Q

 0 0 1
 1 0 1
 0 1 1
 1 1 0

NAND



Optical logic gates



Optical logic gates

Sagnac
loop

mesoporous silica



Optical logic gates

Sagnac
loop

mesoporous silica

input

output



Optical logic gates

very preliminary data
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Summary
 

 

• several nanodevices demonstrated

• large g permits miniature Sagnac loops

• switching energy < 10 pJ





Funding:

Harvard Center for Imaging and Mesoscopic Structures
National Science Foundation

National Natural Science Foundation of China

for a copy of this presentation:

http://mazur.harvard.edu

Follow me!            eric_mazur











Funding:

Harvard Center for Imaging and Mesoscopic Structures
National Science Foundation

National Natural Science Foundation of China

for a copy of this presentation:

http://mazur.harvard.edu

Follow me!            eric_mazur




