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Google unveils prototype ‘smart’ glasses

Gaogle co-founder Sergey Brin shows off Gaogle Glass af an event in San Francisco © AP
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The concept of diffractive optics was I
firstly implemented by A. Fresnel in [ 2x

. . 1 2n
1827 and applied to a novel design of | 2x

lighthouses. 1 2m
1 2%
1l 2=n
1l 2xn
2

ddd d d ol — .. . B b

A _
d = A=632.8 nm (laser HeNe)
n—1 n~1.5 (glass) ) ~1265 nm

Execellence Project of DFA 28/09/20



UNIVERSITA

| DEGLI STUDI
DI PADOVA

Iterative Fourier Transform Algorithm (IFTA)
with Error-Reduction Approach (Gerchberg and
Saxton algorithm)

object hologram
plane . Plane
input (g) : 5 FT
|
A=z N I PSS
SR :
T : _ N : output (K}
e n=N? —>
CFTY
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Holorams for twisted light 1 prL Srup

Decoding light Hologram Far-field
9 Diffractive optics for modal
TEM, Laser mode decompOSition lﬂto a
harmonic set: OAM-mode
b) analyzer
LG, mode
. , input
Optical device OAM beam
- 2
y, e '
fj € {gi}izl
0
lens far-field
Ruffato G., Massari M. and Qor (P 9)=arg ) 2 ey eXp[ipﬂ.f cos(9-, )}

J=1

Romanato E, Sc. Rep. 6, 24760 (2016)
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The orbital angular momentum (OAM) of light

Trapping
[oXoRe %

AN A
PA DDA

NZAS

J. Wang, Science China: Physics, Mechanics and Astronomy, 62, 3, 034201 (2019).

exp (il )

azimuthal phase:
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OAM for information encoding (SDM/MDM) *’/ DEGLI STUDI
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107 & In the last decade, important steps forward the generation
i e . . .
10%6 3 and sorting of OAM beams in an efficient and compact
1015 Capacity limit for > /Way (e.g. log—pol sorter)
101 current technology X2~
Al However, optical devices are still missing for:
T 1014 R
w -
£ 102 WDM~_ OAM rr.lu.lt%phcatlon
S ol - OAM division
8 100 High spectral - Routing
© 9 efficiency coding ~ _ ; :
S 1004 _— | ) %’o‘" Switching
108 - | H)
; mproved ’
107 4 transmission
6 i . . . .
105 ' M Is there a solution to manipulate OAM in an efficient and
10 T T T y T T y y T T y g ¥ T ¥ o)
1980 1990 2000 2010 compact way:

Year
D. J. Richardson, ]J.M. Fini, and L.E. Nelson, Nat. Photon. 7, 354-362 (2013)
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log-pol optical transformation ]9 e Smuo

lens

(g' Q, (u,v)=- 2rab exp(—zj cos(lj
\3\) UNWRAPPER (1) =~ exp| ~* Jeos| *
Optical fiber & , _ 2
_ £na Y Xty r
(multimode) -‘)6 Q, (x,y)F[yarctan(;jxlnLT}x]kg

G.C.G. Berkhout ez al., Phys. Rev. Lett. 105, 153601 (2010)

M. P. J. Lavery, et al., Opt. Express 20, 2110-2115 (2012)
Ruffato, G.,et al. & Romanato , Sci. Rep. 8, 10248 (2018).
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Optical characterization: cross-talk X

copies 1 3 5

[y E—
Z 7 Z
I
UL =

y/ Ay
XT [dB]

P A

10 10

0.5

0.4 4
) 5 0.5
fg“ 0 g- 0 0.4 Z
) ) -2 0.3 -
~ 4
) P 0.2
5 0.1 o
-10 -10
-10 -5 A 0 5 -10 -5 _ 0 5 10 ot
mnput input
XT(AL=1)=-2.32 dB XT(AL=1)=-5.79 dB XT(A=1)=-9.13 dB
XT(AL=2)=-8.45 dB XT(AL=2)=-16.01 dB XT(AL=2)=-21.9 dB
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Research outputs on multiplexing (2017-19)

Research Article Vol. 25, No. 7 | 3 Apr 2017 | OPTICS EXPRESS 7859 Research Article Vol. 27, No. 17/19 August 2019/ Optics Express 24123

Optics EXPRESS Optics EXPRESS

Test of mode-division multiplexing and Non-paraxial design and fabrication of a
demultiplexing in free-space with diffractive compact OAM sorter in the telecom infrared
transformation optics G. RUFFATO,":2® M. MASSARI, 23 M. GIRARDI,2 G. PARISI,* M.

ZONTINI,* AND F. ROMANATO":2:3:4."

GIANLUCA RUFFATO,"?" MicHELE MAssARI,"? GIUSEPPE PARISI,> AND
! Department of Physics and Astronomy ‘G. Galilei’, University of Padova, via Marzolo 8, 35131 Padova,

FiLiPPO ROMANATO"%*

Italy
!Department of Physics and Astronomy ‘G. Galilei’, University of Padova, via Marzolo 8, 35131 2LANN, Laboratory for Nanofabrication of Nanodevices, EcamRicert, Corso Stati Uniti 4, 35127 Padova,
Padova, Italy Italy
*Laboratory for Nanofabrication of Nanodevices, c.so Stati Uniti 4, 35127 Padova, Italy 3CNR-INFM TASC IOM National Laboratory, S.S. 14 Km 163.5, 34149 Basovizza, Trieste, Italy
3SM Optics — SIAE Group, Via M. Buonarroti 21, 20093 Cologno Monzese, Milano, Italy 4 : i i Via M 2 | ’ ;
DM UpIICs — oL P, M. =14, 2UUZ3 & =636, 1 g . SM Optics — SIAE Microelettronica Group, Via M. Buonarroti 21, 20093 Cologno Monzese, Milano, Italy

jC ‘NR -INFM TASC IOM National Laboratory, S.S. 14 Km 163.5, 34012 Basovizza, Trieste, Italy
gianluca.ruffato@unipd.it

www.nature.com/scientificreports

m Vol. 42, No. 3 / February 1 2017 / Optics Letters 551

SCIENTIFIC REP{%}RTS Optics Letters

Compact sorting of optical vortices by means

JPEN Diffractive optics for combined of diffractive transformation optics
spatia |- and mode- d ivision GianLucA Rurrato,’?* MicHELE Massari,'? anDp FiLpro Romanaro™’?2
: "Department of Physics and Astronomy “G. Galilei,” University of Padova, via Marzolo 8, 35131 Padova, Italy

H - H - 2Laboratory for Nanofabrication of Nanodevices, c.so Stati Uniti 4, 35127 Padova, Italy

d e m U It I p IeXI n g Of O pt I ca I vo rt I ce S : SCNR-INFM TASC IOM National Laboratory, S. S. 14 Km 163.5, 34012 Basovizza, Trieste, Italy
Received: 11 Janvary 2016 - . - . *Corresponding author: gianluca.ruffato@unipd.it

- design, fabrication and optical

Accepted: 04 April 2016
Published: 20 April 2016 :

characterization

Gianluca Ruffato*?, Michele Massari*? & Filippo Romanato®3
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From diffractive optics to metasurfaces (2019) = & TR

The same phase map

Ditferent microscopic
structure

Ruffato, G. et al. & Romanato , Opt. Express 27(11), 15750-15764 (2019) ¢
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Optics & electronics: the size/material divide
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,. \Nano phononic
X system
L. CMOS nanotechnology era K W) b3 _I
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® MPU High Performance Beyond
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[ X MPU High Performance f
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2. 1 Recent trend of MEMS/NEMS downscaling along with CMC

CharacteristicLength (nm)

Fig. 1 Recent trend of MEMS/NEMS downscaling along with CMOS miniaturization.

Published in 2011 IEEE International Conference on IC Design & Technology 2011
Scaled nanoelectromechanical (NEM) hybrid devices
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Metalenses: the optical (r)evolution

Revolution in optics:
Flat (2D) optical element (thickness <0.5 pm)

Multifunctionality
Aberration correction

A A X Ay

VTN

T QO Q)
"CEPYRPLRS( o2 0
 CEYYOIB ooV
YNNG 099 0 ¢
ESROETRR O ® 09
Eapasso g rouph Nadd Bet@rNMNT8Q ISR @018)en ¢
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Exploitation of SILICON
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Metalenses: a new paradigm for optics B e

RESEARCH ARTICLE

Metalenses at visible wavelengths: Diffraction-limited
focusing and subwavelength resolution imaging

Mohammadreza Khorasaninejad’", Wei Ting Chen'", Robert C. Devlin'-", Jaewon Oh'.2, Alexander Y. Zhu', Federico
Capasso’:f
"Harvard John A. Paulson School of Engineering and Applied Sciences, Harvard University, Cambridge, MA 02138, USA

2University of Waterloo, Waterloo, ON N2L 3G1, Canada

nature

nanotechnology

Article | Published: 01 January 2018

A broadband achromatic metalens for
focusing and imaging in the visible

Wei Ting Chen, Alexander Y. Zhu, Vyshakh Sanjeev, Mohammadreza Khorasaninejad, Zhujun Shi, Eric

Lee & Federico Capasso
Prof. E Capasso
(Harvard School of Engineering

g Nature Nanotechnology 13, 220-226 (2018) =~ Download Citation
and Applied Sciences)

10k Accesses 174 Citations = 361 Altmetric Metrics »
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Metalenses: the optical (r)evolution LS Deow

“The same company/foundry will be able to manufacture the whole module and chip plus
optics, disrupting the standard business model. [...] This provides the possibility of unifying
two industries: semiconductor manufacturing and lens-making. I thereby envision a future of
digital optics based on metasurfaces with increased density of optical components and
functionality per metasurface [...], akin to Moore’s law for digital electronics.”

F. Capasso, in The Future and Promise of flat optics: a personal perspective, Nanophotonics
7(6), 953-957 (2018).
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Next steps: quantum and Artificial Intelligence */{ & Ny

Light s nature photonics

Explore our content v Journal information v
Explore our content v Journal information v

nature > light: science & applications > review articles > article

nature > nature photonics > review articles > article

Review Article | Open Access | Published: 08 May 2019

Artificial neural networks enabled by nanophotonics Review Article | Published: 21 October 2019
Qiming Zhang, Haoyi Yu, Martina Barbiero, Baokai Wang & Min Gu lntegrated phOtonlc quantum teChnOIogles
Light: Science & Applications 8, Article number: 42 (2019) | Cite this article Jianwei Wang, Fabio Sciarrino, Anthony Laing & Mark G. Thompson

Nature Photonics 14, 273-284(2020) | Cite this article
DE GRUYTER Nanophotonics 2019; 8(3): 339-366 8

Review article

Kan Yao, Rohit Unni and Yuebing Zheng*
Intelligent nanophotonics: merging photonics
and artificial intelligence at the nanosicale

Fig. 4: Quantum information processing and computing with integrated optics.

From: Integrated photonic quantum technologies

Gate-based QIP Multifunctional QIP MBQC-based QIP
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Multiplication and Division of the
Orbital Angular Momentum

Gianluca Ruffato! and Filippo Romanato!-

! Department of Physics and Astronomy “G. Galilei”, University of Padova, Padova, Italy
2IOM-CNR National Laboratory at Elettra SynchrotronsBasovizza Trieste, Italy
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Latest research on reconfigurability (2019) (dllg) oocu Stu:

Light /e

Explore our content v Journal information v

nature > light: science & applications > articles > article

Article | Open Access | Published: 05 December 2019

Multiplication and division of the orbital angular momentum of light
with diffractive transformation optics

Gianluca Ruffato ), Michele Massari & Filippo Romanato

Light: Science & Applications 8, Article number: 113 (2019) \ Cite this article

LIgtit. OUISIILE & APPILGUUIS ©, AIULIS HUNIUST. 11
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PLOS ONE

&

& OPEN ACCESS P PEER-REVIEWED

RESEARCH ARTICLE

A versatile quantum walk resonator with bright classical
light

Bereneice Sephton, Angela Dudley, Gianluca Ruffato, Filippo Romanato, Lorenzo Marrucci, Miles Padgett, Sandeep Goyal,
Filippus Roux, Thomas Konrad, Andrew Forbes [=]

Published: April 9, 2019 « https://doi.org/10.1371/journal.pone.0214891

puised
Laser
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Latest result: metalenses for multiplexing (2019) S48 voou st
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Research Article

Optics EXPRESS

Total angular momentum sorting in the
telecom infrared with silicon Pancharatnam-
Berry transformation optics

G. RUFFATO,">* P. CAPALDO,”* M. MAssARI,>* E. MAFAKHERI," AND F.
RoMANATO "%

Department of Physics and Astronomy ‘G. Galilei’, University of Padova, via Marzolo 8, 35131
Padova, Italy
’LANN, Laboratory for Nanofabrication of Nanodevices, EcamRicert, Corso Stati Uniti 4, 35127
Padova, Italy
3CNR-INFM TASC IOM National Laboratory, S.S. 14 Km 163.5, 34149 Basovizza, Trieste, Italy

\ Subwavelength gratings
Mesurface optics (2D — Si) | in Silicon
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Ditfractive optics as space-variant
subwavelength gratings:

T@ _ cos(g/z)@_ism(m)e%(_ll_j
T(_li] =cos(§/2)(_lij—isin(5/2)eM C]

Phase pickup 0 /4 2 3m/4 ™ 5n/4 3TT/2 /4

element with polarization conversion: R D @ Ct (> Q é} D <)

7()-4(2) —E e
(en() HEn)=eoluoy)])  medddddadd

—1 £—> y (a (b) (C) (d) (e) (f) (9) (h)

If 6=mn, the system acts as a pure phase

Capaldo, P, et al & Romanato., Opt. Mat. Express 9(3), 1015-1032 (2019)
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bulk lens
| /
/
3D double phase-corrector

+ Fresnel correction
XT ~ —6dB

3D Fresnel lens

Si metaUnwrapper
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Key-element: circular-sector transformation S )5 peout Sruor

DI PADOVA

The transformation maps conformally the whole azimuthal gradient onto a circular sector 2n/n

9
G m— ==

—1/n
y ) P = a[gj

Two phase elements are required

TRANSFORMER
kab (™" COSHI_;)S}
o
RV AN 1 1
n

PHASE-CORRECTOR

o Qm cos[(1-n)]
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The OAM mU.ltlpheI' ‘;/ \ | DEGLI STUDI

The n-fold multiplier is the combination of n circular-sector transformations: “' .,
o
.
-
MULTIPLIER
/=8

PHASE-CORRECTOR

o - 2rab (le” cos[(l—n)go]
e a1 \a 1-n
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The OAM multiplier S e

The n-fold multiplier is the combination of n circular-sector transformations: ¢" .,*
: /=
i ‘Q"’
MULTIPLIER
=12

7
Fr/f N

PHASE-CORRECTOR
2zab( p 1_"cos[(l-—n)(p]

e a1 \a 1-n

PP LEErErry
"H‘rr;’:)’:;r 'y
PP 07 7 e e o e e e s 2
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n Y

Division is performed using the inverse optical operations. The input beam is split into n OAM beams carrying 1/n the
input OAM:

p)\‘W\

\\‘

|

\)///A\\\\(‘
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Single
Microlenses photon
regime
D'(f)fE ‘ Sub wavelenht
Di .mCUVC control of flat
Optical 1
ens
Elements
Algebra of light
Metalenses Multiplication and
Division of the
Orbital Angular
Momentum
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Wish you

a vorticose Thank you !

Prof. Filippo Romanato

Department of Physics and
Astronomy, University of
Padova,, Italy

IOM-CNR, AREA Science
Park, Basovizza-Trieste, Italy
Laboratory for
Nanofabrication of
Nanodevices, .aNN Padova,
Italy
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