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Introduction
Unique combination of surface-sensitive second harmonic (SH) generation
and strong field enhancement in plasmonic structures opening up new
possibilities in
 Ultrasensitive shape characterization
 Nonlinear plasmonic sensing
All optical signal processing
 High-sensitivity detectors bu lk 0≈P

Centrosymmetric
material

Centrosymmetry
broken at surfaces

surface 0≠P

All optical chip, IBM (2011)Mesch,  et. al., Nano Lett. (2016)Martin, et. al., Nano Lett. (2013)
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Weak nonlinear SH process requires strong field enhancement and efficient
radiation mechanisms; however, this is full of challenges:
 Conventional plasmonic enhancement rules breakdown
 Difficult to control the radiation of SH wave: multipole emission nature
 Complicated relation between particle shape and resonance
 Lack of commercial software
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Method
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• Self-consistent Maxwell-Hydrodynamic Model

Undepleted-pump Approximation
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Love’s Equivalent Principle

• Self-consistent Boundary Element Method (BEM)
Initially set       to be zero, Iteratively solve
(1) and (2) to capture mutual coupling.
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Charge & Energy Conservation

Angular Momentum Conservation

• Coupled-wave Equations for SHG

Supports
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 Parametric nonlinear process governed by fundamental conservation laws
Charge • Energy • Parity • Angular Momentum

Two systems are coupled through the polarization term 

Maxwell

Hydrodynamic

Parity Conservation

• Particle-in-Cavity Nanoantenna (PIC-NA)
Cavity: light harvester, concentrator, and reflector
Strong gap plasmonic enhancement
Unidirectional radiation by symmetry broken

Second & third harmonic generation from a gold nanosphere
• Electron density fluctuates at each point, the total charge is conserved

SH TH

• Energy conservation

Yee's grids for the FDTD method

SH Generation

Nonlinear nanoantenna design by breaking parity symmetry
• Compact nonlinear Yagi-Uda nanoantenna

FH

SH

Near field distribution

General Angular Momentum Conservation Law

N-fold rotational symmetry
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