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Applications for optical hardware
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Applications for optical hardware
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Applications for optical hardware
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Applications for optical hardware
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Diffractive optics
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Diffractive optics
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Diffractive optics

Walsby et al. Opt. Lett. 32, 9 (2007)
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From refractive to diffractive optics
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From refractive to diffractive optics
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Diffractive optics
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Diffractive optics
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Diffractive grating optics
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Diffractive grating optics

2
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Diffractive grating optics
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Diffractive grating optics
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Grating diffraction
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Metasurface optics
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Modulating phase
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Modulating phase

Uniform phase shift
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Modulating phase

Uniform phase shift Spatially varying phase shift
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Dielectric metasurface optics
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Dielectric metasurface optics

Lalanne et al. Opt. Lett. 23,
14 (1998)
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Dielectric metasurface optics

Lalanne et al. Opt. Lett. 23,
14 (1998)

Fattal et al. Nat. Photon. 4, 466
(2010)
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Dielectric metasurface optics

Arbabi et al. Nat. Comm. 6, 7069

Lalanne et al. Opt. Lett. 23, (2015)
14 (1998)

Fattal et al. Nat. Photon. 4, 466
(2010)
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Arbabi et al. Nat. Comm. 6, 7069
Khorasaninejad et al. Science. 352,

Dielectric metasurface optics

Lalanne et al. Opt. Lett. 23,
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The design problem
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Solving the design problem
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Solving the design problem
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Solving the design problem
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Solving the design problem

Functionality
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Solving the design problem

Functionality

Functionality » Scatterers
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Agenda

Single element metasurface optics
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Silicon nitride
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Silicon nitride

Nishiyama et al. Sci. Reports. 7,
44755 (2017)
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Silicon nitride

Refractive index ~ 2

Nishiyama et al. Sci. Reports. 7,
44755 (2017)
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Silicon nitride

Refractive index ~ 2

Band gap ~ 4-5 eV

Nishiyama et al. Sci. Reports. 7,
44755 (2017)
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Silicon nitride

Nishiyama et al. Sci. Reports. 7,

44755 (2017)

Refractive index ~ 2

Band gap ~ 4-5 eV

Fryett et al. ACS Photonics
(2018)
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Parameter search
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Parameter search
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Implementing the phase profile
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Implementing the phase profile

p(r,0) = ZTn(\/rz + f2 —f)+19
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Implementing the phase profile
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Implementing the phase profile

@(r,0) = mod (ZTT[(\/rZ + f2 —f) + 16, Zn)
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Implementing the phase profile
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Implementing the phase profile

@(r,0) = mod (ZTN(\/rZ + f2 —f) + 16, Zn)
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Finite difference time domain simulation
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Fabricated structure

A. Zhan et al, ACS Photonics. 3, 2 (2016) W UNIVERSITY of WASHINGTON




Implementing the phase profile

o(r,8) = mod (ZTR(\/rZ + f*4 —f) + 16, Zn)
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Finite difference time domain simulation
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Fabricated structure

A. Zhan et al, ACS Photonics. 3, 2 (2016) W UNIVERSITY of WASHINGTON




Fabricated structure
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Fabricated structure
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Fabricated structure
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Fabricated structure
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Fabricated structure

A. Zhan et al, ACS Photonics.
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Fabricated structure
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Chromatic aberration
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Implementing the phase profile
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Chromatic aberration
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Chromatic aberration in photography

§ )
Stan Zurek [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0/)]
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Correcting chromatic aberrations
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Correcting chromatic aberrations

W. Chen et al, Nat. Nano. 13, 220 (2018)




Correcting chromatic aberrations

S. Wang et al, Nat. Nano. 13, 227 (2018)

W. Chen et al, Nat. Nano. 13, 220 (2018)
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Limits of dispersion engineering
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Limits of dispersion engineering
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Shrestha et al. Light: Sci. and Appl.
7, 95 (2018)
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Limits of dispersion engineering

Shrestha et al. Light: Sci. and Appl.
7, 95 (2018)
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Computational imaging approach
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Computational imaging approach
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Computational imaging approach

<P=27n(\/xz+y2+f2 —)+73
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Computational imaging approach
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Computational imaging approach
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Computational imaging approach
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Computational imaging approach

Singlet

S. Colburn et al. Science Advances 4, eaar2114 (2018) W UNIVERSITY of WASHINGTON




Computational imaging approach

Singlet

, YA/ UNIVERSITY of WASHINGTON
S. Colburn et al. Science Advances 4, eaar2114 (2018) '




Computational imaging approach

Singlet Original Singlet EDOF EDOF + filter

Yol
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S. Colburn et al. Science Advances 4, eaar2114 (2018) '
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Nonlinear optics
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Alvarez lens
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Alvarez lens

Barton et al. Opt. Lett. 25, 1 (2000)

Paw(X,y) = A Gx3 : s x}’z)

Prinv(x,y) = —A (§x3 + xyz)

1
f(d)=m
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Alvarez lens
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Other tunable systems
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Other tunable systems

Dielectric elastomer

Variable focus, Transparent stretchable electrodes

astigmatism, and

shift o Metasurface lens .

- V\ Light I8
A _ :

Strain field control

A. She et al, Science Advances. 4, 2 eaap9957 (2018)
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Other tunable systems

. Dielectric elastomer
Variable focus,

astigmatism, and Transparent stretchable electrodes

shift N Metasurface lens -

Light
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- Simulation Device 5
Device 1 » Device 6
o Device 2 e Device 7
Device 3 s Device 8

+ Device 4

A. Arbabi et al, Nature Communications. 9, 812 (2018)
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Systems for angular incidence
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Systems for angular incidence

A. Arbabi et al, Nat. Photon. 11, 415 (2017)
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Systems for angular incidence

A. Arbabi et aIbNat. Photon. 11, 415 (2017)
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Large area design

0.5x 1.5x 2.0x

S. Colburn et al. Optica 5, 7 (2018)
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Large area design
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The design problem

Functionality

Functionality » Scatterers
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The design problem

Functionality » Scatterers
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Implementation
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Implementation
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Inverse design based on Maxwell’s equations

Piggot et al. Nat. Photon. 9, 6 (2015)
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Inverse design based on Maxwell’s equations

Callewaert et al. Appl. Phys. Lett. 112, 91102 (2018) W UNIVERSITY of WASHINGTON




Inverse design based on Maxwell’s equations
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Finite difference methods

Time Domain

V - (eE) = py

V-H=0

, OH

\— X E —- —/1”7
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Frequency Domain
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Finite difference methods

Time Domain

V - (€E) = py

ViaH ={)
| JH
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Frequency Domain
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Problem: Memory scales with the volume of the system!
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Towards large scale optimization
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Towards large scale optimization
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Towards large scale optimization

Two main challenge
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Towards large scale optimization
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Achieve both with an analytical scattering theory, namely the
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Towards large scale optimization
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Towards large scale optimization
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Solving GMMT

O celes
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Solving GMMT

O celes

M(R)b(R) = T(R)a
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Solving GMMT

M(R)b(R) = T(R)a

Egel et al. J of Quant. Spec and Rad. Trans.
199 (2017)
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Depth-variant PSF

g
=
2
[
[
<

-500 0
z Position (nm)

S. R. P. Pavani et al, PNAS 1086, 9 (2009).
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Figure of merit
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Figure of merit
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Figure of merit
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Figure of merit definition
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Figure of merit definition

o
F 4
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j=1 k=1

Zhan et al. Under review W UNIVERSITY of WASHINGTON
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Figure of merit definition
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Radius output
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Simulation

arbitrary units
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Fabrication

Zhan et al. Under review
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Simulation

arbitrary units

214 um 243 um 271 um 300 pm |

Scale bar 10 ym
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Experiment

Zhan et al. Under review
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Nanoscribe GT

Images from Nanoscribe GmbH W UNIVERSITY of WASHINGTON




Fabrication

Zhan et al. Under review
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Nanoscribe GT

Images from Nanoscribe GmbH
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Extension to arbitrary scatterers
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Designer optics
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Designer optics
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Designer optics
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Designer optics

Currently, the model for
elements is to buy off

s partly due to manufacturing
restrictions

A new model where custom optical
elements are tailored and
designed for specific applications
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Towards volume optics
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Optics and computational algorithm co-
optimization
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Optics and computational algorithm co-
optimization
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Optics and computational algorithm co-
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Optics and computational algorithm co-
optimization
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Optics and computational algorithm co-
optimization
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Recap

Single element
Design process
Chromatic aberration

Towards met

Tunable devices, aberration correction

Large area fabrication
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Computational imaging approach
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Correcting chromatic aberrations
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Correcting chromatic aberrations
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Limits of dispersion engineering
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Correcting chromatic aberrations
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