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General Objectives

» Fornecer os conceitos fundamentais e o desenho (essencialmente)
gualitativo das configuracdes que estao na base das principais
aplicacoes da luz (foténica) no século XXI.

» ldentificar e descrever funcdes passiveis de implementacao dptica
no contexto das tecnologias da sociedade de informacao (tais
como, por exemplo, comunicacoes, comutacao, processamento,
interconexoes, redes).

» Clarificar os dominios (sobreponiveis) associados a fotdnica,
optoelectronica, optica quantica e nano-6ptica, tanto em termos
cientificos e tecnologicos, como industriais.
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Andrews, Photonics - Scientific Foundations, Technology and Applications (2015)

1 A Photon in Perspective

David L. Andrews

1.1 Introduction, 1

1.2 Foundations, 3

1.3 Medium Issues, 8

1.4 Photon Localization and Wavefunction, 10

1.5 The Quantum Vacuum and Virtual Photons, 12
1.6 Structured Light, 15

1.7 Photon Number Fluctuations and Phase, 18

1.8 The Reality of Photonics, 20

2 Coherence and Statistical Optics

Mayukh Lahiri

2.1 Introduction, 27

2.2 Classical Theory Coherence in the Space-Time Domain
2.3 Classical Th Coherence in Space-Frequency Domain
2.4 Cross-Spectrally Pure Optical Fields, 38

2.5 Polarization Properties of Stochastic Beams, 43
2.6 Partially Coherent & Partially Polarized Beams, 51
2.7 Basics of Quantum Theory of Optical Coherence, 52
3 Light Beams with Spatially Variable
Polarization

Enrique J. Galvez

3.1 Introduction, 61

3.2 Poincare Modes of Beams, 62°

3.3 Experimental Approaches, 69

3.4 Polarization Singularities, 70

4 Quantum Optics

Howard Carmichael

4.1 Introduction, 77

4.2 Fundamentals, 78

4.3 Open Systems: Inputs and Outputs, 87

4.4 Photon Counting, 95

4.5 Cavity and Circuit QED, 105

5 Squeezed Light

A. I. Lvovsky

5.1 What is Squeezed Light?, 121

5.2 Salient Features of Squeezed States, 128

5.3 Detection, 136

5.4 Preparation, 141

5.5 Applications in Quantum Information, 148

5.6 Applications in Quantum Metrology, 154

6 Electromagnetic Theory of Materials

Tom G. Mackay

6.1 Preamble, 165

6.2 Macroscopic Viewpoint, 166

6.3 Constitutive Dyadics, 171

6.4 Linear Materials, 178

6.5 Nonlinear Materials, 194

7 Surface and Cavity Nanophotonics

Mohamed Babiker

7.1 Introduction, 205

7.2 Basic Formalism, 207

7.3 Dipole Emitter Near Edge, 211

7.4 Quantum Correlations, 215

7.5 Entanglement, 217

7.6 Wedge Cavities, 219

8 Qantum Electrodynamics

A. Salam

8.1 Introduction, 229

8.2 Molecular QED: Principle of Minimal EM Coupling, 231
8.3 Multipolar Hamiltonian, 235

8.4 One-Photon Absorption, 241

8.5 Emission of Light:Spontaneous & Stimulated Processes
8.6 Linear Light-Scattering: Kramers—Heisenberg Dispersio
8.7 Chiroptical Effects, 251

8.8 Two-Photon Absorption, 255

8.9 Nonlinear Scattering: Sum-Frequency, Harmonic Gen.
8.10 Resonance Energy Transfer, 261

8.11 van der Waals Dispersion Energy, 264

8.12 Radiation-Induced Interparticle Forces, 266

9 Multiphoton Processes

Angus J. Bain

9.1 Introduction, 279

9.2 Molecular Two-Photon Absorption: Basic Principles
9.3 Molecular Two-Photon Fluorescence, 289

9.4 Applications and Future Prospects, 307

10 Orbital Angular Momentum

Emma Wisniewski-Barker and Miles J. Padgett

10.1 Historical Introduction, 321

10.2 Creating Beams with OAM, 324

10.3 Micro-Manipulation through the Use of OAM, 327
10.4 Beam Transformations, 329

10.5 Measuring Beams with OAM, 332

10.6 OAM in Classical Imaging, 333

10.7 OAM in Nonlinear and Quantum Optics, 333

11 Introduction to Helicity and EM Duality

Transformations in Optics

Ivan Fernandez-Corbaton and Gabriel Molina-Terriza

11.1 Introduction, 341

11.2 Symmetries and Operators, 342

11.3 Electromagnetic Duality, 344

11.4 Optical Helicity and Electromagnetic Duality Symmetry, 346
11.5 Duality Symmetry in Piecewise Homogen Isotropic Media
11.6 Applications of the Framework, 351

12 Slow and Fast Light

Robert W. Boyd and Zhimin Shi

12.1 Introduction, 363

12.2 Mechanisms of Slow Light, 364

12.3 Physics with Slow and Fast Light, 367

12.4 Some Applications of Slow and Fast Light, 374

12.5 Fundamental Limits on Slow Light, 379

13 Attosecond Physics: Attosecond Streaking

Spectroscopy of Atoms and Solids

Uwe Thumm, Qing Liao, Elisabeth M. Bothschafter, Frederik
Sufimann, "Matthias F. Kling, and Reinhard Kienberger

13.1 Introduction, 387

13.2 Time-Resolved Photoemission from Atoms, 393

13.3 Streaked Photoemission from Solids, 407

13.4 Attosecond Streaking from Nanostructures, 425
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Assessment

LABORATORY - 45%

Acustoopticos: transmissao de som

Fotodiodos: montagens e verificagoes de
propriedades

Lasers diodo: parametros de
funcionamento, variacdes com
temperatura, corrente ...

Filtros/ atenuadores/ analisadores de
espectro éptico

PROBLEMS - 0%

» Solving a number of problems per section

of the program
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MONOGRAPHY - 35%
(examples)
Um dos capitulos do Andrews (inspiracao)
Optica do grafeno
Cristais fotdnicos
Sensores plasmonicos
Metamateriais
Lasers em fibra

Lasers e sensores de pocos quanticos
(quantum wells)

LED’s de elevada radiancia
Fotdnica das nanoparticulas
Fotdnica do silicio
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ORAL PRESENTATIONS - 20% (examples)

Fibras de alto débito binario

Fibras para o IR médio

Redes de fibra : componentes e funcdes
Conjugacao de fase

22 harmonica e ajuste de fase
Emissores super-luminescentes
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Photonics?! - Europe’s age of light! How photonics will power growth

and innovationvision paper (2017)
Optics & Photonics: Essential Technologies for Our Nation

Innovation in Optics and Photonics: Enabling Technology for our
future



Photonics

“Photonics is the science of the harnessing of light. Photonics encompasses
the generation of light, the detection of light, the management of light through
guidance, manipulation, and amplification, and most importantly, its utilisation for the
benefit of mankind.”

Photonics is an area of study that involves the use of radiant energy (such as light), whose
fundamental element is the photon . Photonic applications use the photon in the same way
that electronic applications use the electron . Among the large number of current or
possible photonic applications are: photonic switching, photonic networks, the photonic
computer.

Photonics is one of the fastest growing high-tech industries in the world today. It includes:
e optical communications (e.g., fiber optics, lasers, and infrared links),

e optical imaging (e.g., spy and weather satellites, night vision, holography, flat screen
display, and CCD video cameras),
optical data storage and optical computing (e.g., CD’s and DVD’s),

e optical detectors (e.g., supermarket scanners, medical optics, and nondestructive evaluation of
materials),

e |asers (e.g., welding lasers, laser surgery, laser shows, and laser rangefinders)
spectroscopy (e.g., chemical and biological detection, anti-terror detection)

e quantum optics (e.g., quantum teleportation, quantum cryptography, and single-photon optics)
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Photonics?! - Europe’s age of light! How photonics will power

growth and innovation (2017)
https://www.photonicsz1.org/ppp—sgﬂrvices/photonics—downIoads.php

Photonics for Health & Earth

s part of this month’s special issue on photonics in Europe, here we look at some ways

photonics could help solve major challenges facing Europe and the world by 2030— "
challenges such as keeping an aging population healthy and productive, making efficient
use of resources, and providing safe and nutritious food for 3 growing population. These
areas and several others are outlined in a vision document by the European technology
platform Photonics21 [http://bit.ly/photonics21-vision-paper].
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Photonics??! - http://www.photonics21.org (2019)

“Photonics is the science of the harnessing of light. Photonics encompasses the
generation of light, the detection of light, the management of light through guidance,
manipulation, and amplification, and most importantly, its utilisation for the benefit of mankind.”

Europe’s age THE LEVERAGE EFFECT
of light! of Photonics Technologies:
How photonics will power the European Perspective
g rOWth d nd in novation Study prepared for the European Commission,

DG Information Society and Media under reference

SMART 2009/0066

Final Report

March 2011
b ¢ Authors:

¢ Maurits Butter,

$ Miriam Leis, ‘
¢ Marijn Sandtke

: (TNO) -

i Mick McLé’a"ﬁ‘l

: (Technologia)

Strategic Roadmap
2021-2027

e

¢ Photonics Knowledge
: Transfer Network)

000 PHOTONICS?'

.‘. ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

PHOTONICS?® s
e e TNO [noyation TECHNOLOGIA %

FEVENTH FANTRERE
PROGRAMY



http://www.photonics21.org/
http://www.photonics21.org/
http://www.photonics21.org/download/Leverage_Internetversion.pdf
http://www.photonics21.org/download/Leverage_Internetversion.pdf

Photonics?1

WG5S
Security,

WG7 WG6
Research, Optical
Metrology
and Sensors

Education Components
and Training and Systems

WG1
Information and Communication

WG2
Industrial Manufacturing and Quality

WG3
Life Sciences and Health

WG4
Lighting and Displays

cross-sectoral issues

applications


http://www.photonics21.org/

Photonics (2015)

Optics and Photonics News, May, 2016 - The 100-Year of Photonics: part 1
2015: US$10,070 million

US$6,735 million  US>6:868 million

USS$1,132 million

1963: USS11 million | US$45 million USS251 miltion

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Seven major developments drove Photonics:
Electric lighting
Displays
Fiber Optics communnications
Cameras and Imaging
Microlithography optics
Deep science
Vision correction



A “Moore’s Law” for LEDs?

http://www.osa-opn.org/home/articles/volume_27/november_2016/features/osa_centennial_snapshots_illuminating_the_new_cen/
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Computer scientists are familiar with an observation made by Intel Corp. co-founder Gordon Moore that notes that the number of transistors on an
integrated circuit doubles every two years. Does a similar rule hold for a different kind of semiconductor chip—the light-emitting diode?

Roland Haitz (1935-2015) thought so. A longtime researcher at Hewlett-Packard and Agilent Technologies, he was co-author of a 1999 Optoelectronics
Industry Development Association report that, at a conference in 2000, projected that the amount of light generated from LEDs would increase by a factor of
20 per decade—accompanied by a factor-of-10 decrease in cost per lumen over the same period. Haitz also predicted that the industry would reach the
efficiency benchmark of 200 lumens per watt by 2020. As it had done for Moore’s Law, the optimization of the semiconductor-manufacturing process would
drive these changes.

Accumulated data over the past decade and a half have generally borne out “Haitz’s law.” The L Prize-winning bulb emitted 94 lumens per watt, and
manufacturer Cree Inc. claimed that it had broken 100 Im/W in 2010. Today, a quick online search for 60- and 100-W equivalent LED bulbs finds many in the
approximate 100 Im/W range.
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Photonics — Optical Society of America (OSA)

Optics & Photonics: Essential Technologies for Our Nation

Innovation in Optics and Photonics: Enabling Technoloqy for our future

Optics and Photonics are Specialized Fields of Physics and Engineering

From fiber optics and telecommunications to medical imaging and cancer research, optics and photonics are
advancing today’s critical technologies. Based on the science of light, optics and photonics are specialized fields of
physics and engineering. These technologies are prevalent in almost every aspect of day-to-day life. From your
computer screen to your cell phone and car headlights, optics and photonics are critical technologies that will
continue to grow and enhance people’s lives.

Optics and Photonics Technologies Enhance the Quality of Life in Many Areas
Medicine and Health

Optics and photonics are utilized in numerous medical devices that help to save lives. Imaging equipment used for
CAT, MRI and PET scans, as well as mammography, aid in the diagnosis of disease.

Defense and Homeland Security

Science and engineering research is the basis for many of the technologies currently being deployed to prevent and
detect chemical, biological, radiological, nuclear and conventional terrorist attacks, as well as treat victims.
Telecommunications

Fiber optics connect the world through high-speed communications. In fact, the World Wide Web was developed

by optics researchers. Today’s optics research is bringing higher-speed communications to our homes via fiber
technology - enabling advanced data transmissions, like video streaming, and other broadband applications.

Consumer Technologies

Many of today’s “must-have” technologies such as digital cameras, high definition TVs and PDAs, were developed
through optics and photonics research. Further research is expected to yield even more consumer products
designed to enhance quality of life.


http://www.osa.org/en-us/about_osa/public_policy/harnessing_light/
http://www.nap.edu/catalog.php?record_id=13491
http://www.osa.org/osaorg/media/osa.media/PDFs/HarnessingLight2_OSA-summary_web.pdf
http://www.osa.org/osaorg/media/osa.media/PDFs/HarnessingLight2_OSA-summary_web.pdf
http://www.osa.org/osaorg/media/osa.media/PDFs/HarnessingLight2_OSA-summary_web.pdf
http://www.nap.edu/catalog.php?record_id=13491
http://www.nap.edu/catalog.php?record_id=13491

Photonics — Europe

EPIC — European Photonics Industry Consortium

MONA project (Merging Optics and Nanotechnologies

A European roadmap for photonics and nanotechnologies (MONA,
~——2 March, 2008)

Holland Photonics Roadmap (2-12-2011)
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http://www.epic-assoc.com/?ftopus=6f1cbe3777f0f7e0
http://www.ist-mona.org/home.asp
http://www.ist-mona.org/pdf/MONA_v15_190308.pdf
http://www.dutchphotonics.nl/assets/Uploads/Documents/Holland-Photonics-Roadmap-2012.pdf
http://www.ist-mona.org/pdf/MONA_v15_190308.pdf
http://www.ist-mona.org/pdf/MONA_v15_190308.pdf

nature PhOtOﬂiCS (https://www.nature.com/nphoton/)

Photonics — the scientific study and
application of light — has evolved to

become a key technology behind many
devices found in the modern home, factory

and research lab.

Today, the field is both a Nobel-prize-
winning science and a billion-dollar

industry, underpinning applications such as
fibre-optic communication, data storage,
flat-panel displays and materials processing.

Coverage extends from research into the
fundamental properties of light and how it
interacts with matter through to the latest

designs of optoelectronic device and

emerging applications that exploit photons.
The journal covers topics including (2018):
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Lasers, LEDs and other light sources
Imaging, detectors and sensors
Optoelectronic devices and components
Novel materials and engineered structures

Physics of light propagation, interaction &
behaviour

Quantum optics and cryptography
Ultrafast photonics

Biophotonics

Optical data storage

Spectroscopy

Fibre optics and optical communications
Solar energy and photovoltaics
Displays

Terahertz technology

Nonlinear optics

Plasmonics

Nanophotonics

X-rays


http://www.nature.com/nphoton/authors/index.html

Photonics — RP Photonics Encyclopedia

Photonics is the science and technology of light, with an emphasis on applications. Alternative: lightwave technology.

At the heart of photonics are technologies for generating light (e.g. with lasers or with light-emitting diodes),
transmitting, amplifying, modulating and detecting light, and particularly using light for practical purposes. It thus builds
heavily on optical technology, supplemented with modern developments such as lasers and amplifiers.

Typical application areas:

o information technology: e.g. optical fiber communications, free-space optical communications, and optical data storage, in the future
probably also optical computing

. health care and life sciences: e.g. medical diagnostics and therapy in ophthalmology and cancer research; biology, biotechnology, DNA
analysis

J optical metrology in various areas: e.g. frequency metrology for time keeping or distance measurements with lasers
J sensing: e.g. fiber-optic sensors, high-speed cameras, infrared motion detectors or industrial process control

o manufacturing: e.g. laser material processing, semiconductor chip manufacturing, printing

J lighting: e.g. energy-efficient LED illumination

o defense and space technology: e.g. satellite surveillance systems, navigation, night vision, imagers, missile guidance, anti-missile
systems, high-power directed-energy weapons

Photonic key technologies of particular importance: lasers and amplifiers, light-emitting diodes (LEDs), optical fibers and
other waveguides, optical modulators, photo-detectors (including cameras), and displays.

Analogy with electronics: just as electronics is the utilization of electrons, photonics works on the basis of photons. The
quantum (photon) nature of light is often, but by far not always, of interest in photonics.

Photonics is considered as one of the key technologies of the 215t century:

It supplements electronics in the form of optoelectronics (optronics) and exhibits a strong market growth, which is expected to continue for
the foreseeable future. So far, photonics has achieved a deep penetration of mass markets in only a few areas, e.g. laser diodes in CD/DVD
players and related data storage equipment. Huge growth opportunities could arise from the development of silicon photonics and other
technologies for photonic integrated circuits, from LEDs with improved output power and efficiency, or from laser types (e.g. VECSELs) which
are suitable for cost-effective mass production.


https://www.rp-photonics.com/encyclopedia.html

Opto-electronics

IOA — International Optoelectronics Association

Optoelectronics: study & application of e- devices to source, detect and control light. A sub-
field of photonics.

Light includes all forms of radiation: gamma rays, X-rays, ultraviolet and infrared, in addition to
visible light.

Optoelectronic devices are electrical-to-optical or optical-to-electrical transducers, or
instruments that use such devices in their operation.

Electro-optics is erroneously used as a synonym: wider branch of physics that deals with
interactions between light and electric fields inside materials

Optoelectronics is based on the quantum mechanical effects of light on electronic materials,
especially semiconductors, sometimes in the presence of electric fields:

Photoelectric or photovoltaic effect: Stimulated emission:
photodiodes (including solar cells) injection laser diodes
phototransistors quantum cascade lasers
photomultipliers
integrated optical circuit (IOC) elements Radiative / electroluminescence recombination

light-emitting diodes or LED
Photoconductivity:

photoresistors Photoemissivity:
photoconductive camera tubes photoemissive camera tube

charge-coupled imaging devices


http://en.wikipedia.org/wiki/Optoelectronics
http://ioassociation.org/

Photonics integration
http://www.photonics.com/Article.aspx?PID=2&VID=111&1ID=713&Tag=Features&AID=54836
Standardized Process Could Revolutionize Photonic Integration (EuroPhotonics, September, 2013)

Optical Amplifier

Phase Modulator

Polanzauon Converter
Waveguide

Electronic Integration Photonic Integration

Figure 1. A generic foundry process could open up photonic integrated circuits (PICs) to much wider availability. The generic photonic
intearation philosonhy (a). and a schematic drawina of buildina blocks in an integration platform (b). Courtesy of COBRA Research Institute,
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Figure 2. Examples of composite building blocks using the generic integration technology. MMI = multimode interference; MZI = Mach-Zehnder
Interferometer; AWG = arrayed-waveguide grating; WDM = wavelength division multiplexing. Courtesy of COBRA Research Institute,
Eindhoven.



Photonics integration
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Figure 3. Comparison of three different technology platforms. Courtesy of COBRA Research Institute, Eindhoven. 1 = end-fire coupling (low
reflection); 2 = vertical coupling (medium reflection)..

Figure 4. This multiproject wafer contains 12 user designs. Courtesy of COBRA Research Institute, Eindhoven.



Photonics integration
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Figure 5. An example of ASPICs fabricated with generic integration technology. Courtesy of Fraunhofer HHI, Oclaro, COBRA Research
Institute, and platform users in EuroPIC and PARADIGM. QPSK = quadrature phase-shift keying; TDM = time division multiplexing.



