Fotonica e spettroscopia ottica

. SPETTROxlA !
 the study of th ter’tion tween matter

and radiated eQeray. istorically,
Spectroscopy originated thﬁgh the study

of visible Iigw::,persld aca@ng to
Its wavelengifit.

 The concept was greatly expanded to
comprise any interaction with radiative energy
as a function of its wavelength or frequency.
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Fotonica e spettroscopia ottica

e FOTONICA ,{
e The science o otc'ics' udes the

generation, er@ionﬁangﬂssion,

modulation, signal processing,

switching, am 'ﬁcati(.,

and detect ensing of Iigm

The term photonics thereby emphasizes that

photons are neither particles nor waves —
they have both particle and wave nature.
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Fotonica e spettroscopia ottica
S correlacon

e PLASMON
« aplasmon is uan I(ma oscillation

like a collective oscillation of the free electron
gas density. -

Plasmonics takes ad ntage of the coupling
of light to C%S liké®electrofs in metals,

and allowsBreaking the diffraction limit for the
localization of light into subwavelength
dimensions enabling strong field
enhancements.
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Fotonica e spettroscopia ottica
S correlacon

* Photonics also relates to the emerging
science of quantum information in
those cases where it employs photonic

methods.




optical storage

adaptive optics

Biophotonics

muftidimensional
fluorescence ima QJ"HQ

Electromagnetic
theory

Metrology and
remote sensing

nonlinear optics

Laser physics &
technology

uftrafast & high power
diode-pumped lasers

optical fibre technology
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Chrysina resplendens
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Attivita di ricerca nel Lab. di Spettroscopia Ottica

v'Caratterizzazione ottica di superstrutture di semiconduttori
v'Materiali organici per optoelettronica

InAs/GaAs
QDs
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Progetti In corso

MIUR FIRB Futuro in Ricerca 2012-2015
"New challenges in molecular nanomagnetism: from spin
dynamics to quantum information processing"

ENI S.p.A. reseakch contract 2011-2014
"Photonics for phoNcs systems ba on fluorescent
concentrators".

EU FP7 Marie Curie I'TN Nefwork 2011-2014
PROPHET - "Postgrad%Res*ch i[ﬂotonics as an Enabling
N

Technology™

eFondazione Cariplo 2010-2Q13

"Nanophotonics for thi#film plg@tovoltajes"

*MIUR FIRB Futgﬁ Ricerca 201356\13

"Nonlinear and guantum optics in nanoscale photonic structures™
eFondazione Cariplo 2009-2011

"PHOtonic ENhancement In Chemical Sensors: nanomaterials for
optics"

eFondazione Alma Mater Ticinensis

"Semiconductor devices for entangled photon pair generation™




Spettroscopia ottica di materiali nano strutturati

Tecnica sperimentale

Studio di nano-oggetti metallici ! N ] i .
(ad esempio: Riflettivita ottica rlsoltlo
nano-antenne di Nichel) 2400 1240 2 e
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Polimeri conduttori
Optical Spectroscopy Under Pressure

Triplets exciton photophysics
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Silicon Photonics

Information and Communication Technology (ICT) is still based
on integrated electronic circuits, but increases in their power consumption and
heat generation are now hampering further improvements in the speed and
capacity of ICT and also hindering the realization of the ‘Green Internet’

usinmr)\oton movex‘ amounts of data at very
high speeds with extrem W po over In optical fiber rather than

using electrical signals over a copper gable

-
Moving c%wi;?silicon and light

Light Source Guide Light Modulator
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Research: light emission in silicon

Use a photonic crystal (PhC) cavity to realize
an efficient and integrated light source in silicon
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o Electrically driven e Emits in the telecom window
 Operates CW atroom T e Is small (um-sized)
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Nonlinear optics in Si PhC cavities

Use a photonic crystal (PhC) cavity to strongly enhance
nonlinear optical properties of silicon

k.

THG , A =525 nm " THG , A =451 nm
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« Very efficient second- and third-harmonic generation at
ultra-low pump power (uW) In continuous-wave regime

e Realization of a bright, visible and microscopic light
source in silicon
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All-optical switching (transistor) in S PhC nanocavities
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Experimental activity on quantum photonics

realization of silicon nano- and micro-devices for the emission of
guantum states of light.

sguantum cryptography
*0N-chip quantum computing

ion of cof@lated photons from silicon ring resonators
gled ph pairs froma silicon microdevice

Violation of Bell
inequality by 10
standard
deviations

Coincidence Rate (Hz)

Coincidence rate (Hz)
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Experimental activity on quantum photonics

«Superconducting single photon counters
«Several tunable IR |

*Time correlator wit
e Ultrastable interferom
resolution developed at our

-

Next goals
e Emission of heralde gle pho‘s from"s%c;? devices, for long
distance quantum munications over fiber networks

e Development of a source of identical photons integrated on-chip to
be used as g-bits in integrated quantum simulators

e Study of third order optical nonlinearities in silicon resonators to
achive high speed and high resolution quantum tomography of the
emitted states
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Fotovoltaico

HALOGEM LIGHT
SOURCE

Concentratori solari a luminescenza 0 S CELL AMPLFIER

Iy |
LOCK-IM
AMPLIFIER

[ —

Incident sunlight

TYYY VY "\ cemea

(a] CHOPPER AMPLIFIER

y DEVICE UNDER
PV Cells MONOCHROMATOR = NVESTIGATION

Figure 3: Scheme of the expenmental setup used for
external quanfum efficiency measurement.

.
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Figure 1: Schematic representations of a single-layer
LSC coupled with silicon PV cells at the edges (a), and
of a bi-layer LSC (b). L5C configurations vnder exam:
polymetic (¢). and Liquid-based LSC (). sica - Universita degli Studi di Pavia
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Flexible polymer microcavities and Bragg structures
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Fotonica in plastica
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Nanostrutture metalliche e Plasmonica

Antimicrobical surfaces

Surface Plasmon resonance based
rameter biosensor
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Fotonica Quantistica Plasmonica
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Fotonicain silicio
. Sistemi organici epollmenc:l

Fotovoltaico A ‘%Qn
anostrutture in carbenio
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