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Electromagnetic Properties of a ) .
Collection of Dielectric Particles

Clausius-Mossoti or Effective medium approximation
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These polarizabilities can come from atoms, molecules or particles

Large changes to polarizabilities typically happen close to resonances
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~“ Metamaterials from Dielectric Resonators

Electric

Magnetic dipole resonance: tailor
Electric dipole resonance: tailor ¢
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@ (Al)GaAs based dielectric Metasurfaces il
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GaAs Metasurface (1 layer)

GaAs disk height ~300nm
Different diameters
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Second Harmonic Generation from GaAs
Metasurfaces

SHG wavelength (nm)

400 450 500 550 600

10000 ¢ 1.0
- Log:
410.8
3 1000}
S z
£z =%
z >
g 100 04 %
I Ma
=
N
0.2
10 E ’/
: sveEEEETTvTEEETTTveey
800 900 1000 1100 1200
Pump wavelength (nm)
Nano Letters 2016 Max efficiency ~107 for | ¥~3 GW/cm?

Also ANU, Costa (ltaly) 7



Sandia
m National
Laboratories

How to Increase SHG Efficiency from
all-Dielectric Metasurfaces

e Find another high index material with higher y? @
— GaAs already has 2> 200pm/V

e Find combination of modes and symmetry that maximize
nonlinear polarization PX}. o 2¥s) E7 E2,...
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High Q modes Using “Broken Symmetry” (@)=,
Resonators
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can’t radiate in-plane
due to local field interactions

ACS Photonics 2016
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SHG from Broken Symmetry
(Fano) Metasurfaces
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Interlude: The highest nonlinearity from
metasurfaces (SHG) °¢

“Nanoantennas” /metasurfac 3, 0.4 \ '
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Belkin & Alu, Nature 511, 65-69 (2014). 11



Sandia
National
Laboratories

Nonlinear Metasurfaces: Comparison

Metallic MS + Mie Resonator
Quantum Wells | MS

Reported ~1O-2 W/W2 ~10-8 W/W2 (PPLN ~ 10_1 _10_2)
nonlinearity
“Material” chi(2)  ~200 nm/V ~200 pm/V s~ (X))
—— Mode Depth ~\20 ~\/n
Mode overlap and ** * (*)
chi(2) utilization
— Q ~10 ~10 (1000) e~ Q*or Q°
Saturation and Low High
damage threshold
—  Wavelength >3 um visible to far IR
scalin
—~ >3"d order No (in mid IR) Yes
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Higher Harmonics: ) e,
The “Optical Metamixer”

Reflectivity
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arXiv 2018
accepted Nature Comm. 2018 13
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Frequency mixing spectra
Photon energy (eV)
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7 different nonlinear processes: 2"4, 34, 4th harmonics, sum frequency
generation, 4 wave-mixing, six-wave mixing....
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Frequency mixing spectra

11 spectral
peaks Photon energy (eV)
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Ultrafast Switching Using RN
Metasurfaces/Plasmonics
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Dielectric Metasurface: Ultrafast Tuning
of Magnetic Dipole Mode

Modulation 50x of substrate

Resonance tuning by 30 nm
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* Fastrecovery due to surface
recombination (~2.5 ps from low power
expts)

*  Maximum index modulation is -0.14
due to Drude dispersion
and band filling effects
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Nat. Comm. 2017
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Plasmonic Perfect Absorber: Ultrafast
}/ | Switching
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Concept of a switchable reflective polarizer:
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Nat. Phot. 2017
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Doped CdO i,
An Amazing Plasmonic Material!

Interband losses
A

Cubic rocksalt lattice
(similar to NaCl)
n-doping (In populates
the Cd sublattice with a
3* charge)

Carrier mobility (cm?/V-s)

http :l chemistry.stackexchange.com/questions/2367 3/rock-salt-structure

Near-IR

= i * Doping density can reach > 10?°cm-3
carer concenration m)  ® Plasma frequency tunable from near to long IR
Boltasseva & Atwater, Science 331, 290 (2011) * Mobilities in the 100’s, sometimes comparable with
1I-V’s.
Material Carriers Mobility g1=0 gz ater=0 g at e1=-2
[em ] [cm2V-s] [em ]

CdO-Dy 9.94x101 474 2770 019 0.30

CdO-Dy 3.70x102 359 5350 013 0.20
AZO (2 wi%)* 7.2x10% 48 6970 0.21 0.39
ITO (10 wt%)* 7.7x102 36 7122 069 129

J-P Maria, NC State
Sachet et. al., Nat. Mat (2015)
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CdO-based Perfect Absorber

- - )
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CdO:In film, 75 nm
Carrier concentration: 2.8x10% cm
Carrier mobility: 300 cm?V-'s!
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Sachet et. al., Nat. Mat (2016)

+ Berreman-type perfect absorber for p-polarized incident light at 50 degrees.
+ >90% reflectance for s-polarized light.
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Nat. Phot. 2017
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Ultrafast Amplitude Switching of the Perfect

Absorber

- Absolute reflectance modulation from 1% to 86%! "
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