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Quantum Photonics
Non-Herm Itlan PhOtonICS Thirty Year_s in Silicon Photonics: A
NeuromorphICPhOtonICS Personal View

Lorenzo Pavesi*
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Laboratory Nanoscience, Department of Physics, University of Trenta, Povo {Trenta), llaly

Silicon Photenics, the technology where optical devices are fabricated by the mainstream
microelectronic processing technology, was proposed almost 30 years ago. | joined this
research field at its start. Initially, | concentrated on the main issue of the lack of a silicon
laser. Room temperature wvisible emission from porous silicon first, and from silicon
nanccrystals then, showed that optical gain is possible in low-dimensional silicon, but
it is severely counterbalanced by nonlinear losses due to free camiers. Then, most of my

resear.ch focus was on sys.terllws where photons show novel felatures lsuch asl Zen.er
https://www.frontiersin.org/articles/10.3389/fphy.2021.786028/fulNanoScienckaboratory @
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Widespread
diffusion
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Integrated photonics

Photonic Integrated Circuit

Lower dimensions
Lower costs
CMOS compatible

More stable o
Lower noise Efflc_lent
Lower losses devices

.
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Silicon Photonics

-
[ Photonic devices fabricated using Silicon and standard Silicon
\»/’ - processing (Complementary Metal Oxyde Semiconductor

Mass manufacturability, low cost, high volumes and
state of the art performances

Natural way of merging photonics and electronics on
the same chip
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A parallel paradigm to success..

Microelectronics
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IntegratedSiliconPhotonics
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IntegratedSiliconPhotonics
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IntegratedSiliconPhotonics

1 DEVICE
2 DESIGN
3 CHIP
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IntegratedSiliconPhotonics

1 DEVICE

2 DESIGN

3 CHIP

4 PACKAGE
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IntegratedSiliconPhotonics

1 DEVICE

2 DESIGN
3 CHIP

4 PACKAGE
5 SYSTEM
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IntegratedSiliconPhotonics
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PARTL (classicatemtheory)
Simplenon-hermitianresonators

PART 2 (quantungmm theory)
(Non local) photonic entanglement
and Its use In ghost spectroscopy
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Simple noAhermitianresonators
show extrasensitivities
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Theslidesin this chapterare by
Stefano Biasi and Riccardo Franhi
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Hermitianand NorHermitian
Hamiltonians

Hermitian Non-Hermitian
Commonly describingon-dissipative physics Commonly describindissipative physicsvith
with time-reversalsymmetry anti-unitary symmetry
E iS
gnerd ved ener® o
Conser exchang
Hermitianmatrices for a two level system Non-Hermitianmatrices

1 7" oneparameteD 17"
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Photonicgs affectedby lossestherefore its physicas non-hermitian
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Hermitianand NorHermitian
Hamiltonians

Non-Hermitian

Hermitian
Commonly describingon-dissipative physics Commonly describindissipative physicsvith
with time-reversalsymmetry anti-unitary symmetry
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A microringresonator: stationary

Lightin

XA

Eoutl

Light out

response

The lightcoming from the input portouples into the
resonator with the resonance mode,

The dynamiof the system can be described thanks tc
the temporal mode theory(TMT):

do . .
d—tA = (iw—7—T)ag +ivV2I Ejp
%__mll: t=1+iV2la,
TheOutgoing fieldassumes the typicadlorentzian
shape:
F_1_ 2T
[iAw + ¢ +T]

SBiasi et allJEEBournal ofLightwaveTechnology 37, 5093099 (2019). NanoScienckaboratory




A microringresonator:surfacewall
roughness

. Considering thdackscattering:
a a A Forwardpropagation

CcCCcCw .
9 A Backwardpropagation

/2l Efnl Eoutl ‘
Efﬁl 4 #

Temporalcoupled mode

o equations
dctcw = (iw — v = Dacew — Br2ttew + iV 2L Eiyy
Aoy . 512/21
d - (ZW — 77— F)acw - ﬂQl&ccw
t Are thecomplex
coupling
Eout — + =1+ v2T aeew coefficients

Einl

§$§ UNIVERSITA
DI TRENTO StefanoBiasi et al, IEBBhotonics Journal 11, 6101114 (2019) NanoScienceaboratory



A microringresonator:surfacewall
roughness

aCC’LU
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V2T Eipg Eoun
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Writing in the equations in a matrix for(two-level system):
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A microringresonator:surfacewall
roughness
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Writing in the equations in a matrix for(two-level system):
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A microringresonator:surfacewall
roughness
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Writing in the equations in a matrix for(two-level system):
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Hermitian and norHermitian Physics
Integrated microresonators

|Eiu.L|2 =1mW - HZ: ‘E‘lll-R-|2 =0
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Continuous exchangef the same energy
between theforward andbackwardmode
the doublet ishalanced.

§%§ UNIVERSITA
DI TRENTO StefanoBiasi et al, IEBBhotonics Journal 11, 6101114 (2019) NanoScienceaboratory



Amicroringresonator:surfacewall
roughness
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Writing in the equations in a matrix for(two-level system):
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Hermitian and norHermitian Physics
Integrated microresonators

2 _ 2 _
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A microringresonator:surfacewall
roughness

In the case of th®ackscatteringhe off-diagonali coefficients are stochastic!

We need to introduce aon-reciprocal lossnside the cavity:

Sshaped additional crossover waveguide element that selectively couples counter
propagatingmodesin a propagationdirection-dependentway
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A Tallimicroresonator
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A Forwardand Reversenave
different reflections

A The Lorentz reciprocity theorem
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A Work in an Exceptional Point
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Tauit unidirectional reflection
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Taijt unidirectional reflection

Research Article Vol. 8, No. 8 / August 2020 / Photonics Research 1333 I - . .
o | er O _© Taljl mlcroresonatorexperlmentalresults
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Unidirectional reflection from an integrated “taiji”

microresonator
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'Laboratoire de Physique de I'Ecole Normale Supérieure, ENS, Paris Sciences et Lettres, CNRS, Université de Paris,
75005 Paris, France
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*Corresponding author: stefano.biasi@unitn.it

0‘7 T T T T T T

" agg® (©) (b)
= - e —

1566.9 1568 1569.1 1570.2 15713 15724 1566.9 1568 1569.1 1570.2 15713 15724
Wavelength [nm] Wavelength [nm]

NanoScienckaboratory



Tal|l as a sensor on Exceptional poini

Scatterer
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Tal|l as a sensor on
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Taijt breaking the Lorentz Recliprocit
Theorem

energyinsidethe microresonator

]/hn
3
2
1
]/Ln
f\j z
1
0

P A. Munoz de lasleras etal,PhysicaReview Applied 5, 054044 (2021).
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Taijt breaking the Lorentz Recliprocit
Theorem

energyinsidethe microresonator
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P A. Munoz de lasleras etal,PhysicaReview Applied 5, 054044 (2021).
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Taijt breaking the Lorentz Recliprocit
Theorem

energyinsidethe microresonator

Transmission
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Taijt breaking the Lorentz Recliprocit
Theorem

energyinsidethe microresonator o
Transmission
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_Taujr breaking the Lorentz Reciproci
Theorem

Reversed

1l
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Wavelength [nm]
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(Non local) photonic entanglement
and Its use In ghost spectroscopy

PART 2
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