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Overview
The first part of the course deals with Computational Electromagnetics and covers the mathematical formulation and the algorithm of the main methods currently in use by the optics and photonics community, namely: Spatio-temporal approach (Finite Difference Time Domain method), pseudo-spectral approach (Beam Propagation Method) and a full spectral method (Plane Wave Expansion). These methods are illustrated by their use in solving electromagnetic propagation, light scattering and eigenvalue calculation problems. Additional topics include the implementation of standard laser light source and transient material evolution. Programming issues faced in the implementation of these methods as boundary conditions and memory resources will also be highlighted. The course features extensive practical components including computer labs and practical projects that provide students with the opportunity to practice and refine their skills in numerical modeling. 
The second part of the course deals with plasmonics. The theoretical basis for studying propagating and localized surface plasmons are described as well as the main properties of plasmons such as field enhancement, enhanced absorption and heating, field confinement, coupling effects, hybridation. Different fabrication methods and up-to-date applications of metallic nanostructures are presented.
[bookmark: _GoBack]In the third part of the course, the students will discover Micro-Nano Optics principles, manufacturing methods and examples of applications
Learning outcomes
On successful completion of this course, students should have the skills and knowledge to:
· Understand and master basic knowledge, theories and methods in computational electromagnetics and plasmonics;
· Model real-world electromagnetic problems like electromagnetic scattering, electromagnetic radiation, modeling of waveguides;
· Define the best approach to solve Maxwell equations in specific mesh and geometries;
· Identify, formulate and solve practical problems in photonics and plasmonics;
· Design and develop practical and innovative methods to solve the propagation and the distribution of an electromagnetic field in a bulk or on a surface.
· Conduct themselves professionally and responsibly for the use of open-source codes, free-and commercial software.
· Critically review and assess scientific literature in the field;
· Learn about the different methods of fabrication and characterization of micro- and nano-structured surfaces.
· Be able to identify appropriate fabrication technologies depending on requirements of micro- and nanostructures.
· Be able to relate the design of micro-nano optics to physical optics teachings.
· Learn about applications of optical micro- and nano-structured surfaces.

Content
Part 1: Computational electromagnetics (3 ECTS)
1. Introduction of computational methods for EM simulations 
2. Pseudo-spectral methods : Beam Propagation Method
a. Derivation of the the slowly varying envelope approximation 
b. The paraxial form of the Helmholtz equation
Applications to a focused/guided propagation 
c. A nonlinear case: the Schrödinger equation
Application to the laser filamentation
3. Spatio-temporal methods: Finite Domain Time Domain (FDTD)
a. Definition of the finite-difference schemes
b. The Yee scheme and the Yee lattice
c. 1D scheme of FDTD
Application to the light propagation in a refractive-index medium 
d. Definition of the source term/mesh/stability and boundary conditions
e. 2D and 3D cartesian scheme of FDTD
Application to a laser-surface or a laser-object interaction 
4. Spectral methods: Plane Wave Expansion
a. Definition and properties of a Photonic Crystal
b. Dielectric properties and structure in real space 
c. Reciprocal lattice Vectors and brillouin zone
d. Derivation of the Central Equations by Fourier Expansion
Application of the Plane Wave Expansion Method to a 1D Photonic crystal
e. Dispersion relation, band gap and density of states 
Application of the Plane Wave Expansion Method to a 2D Photonic crystal

Part 2: Plasmonics (2 ECTS)

1. Introduction to applications of nanoplasmonics
2. Electromagnetics of metals
a. Maxwell’s equations and electromagnetic wave propagation
b. The dielectric function of the free electron gas
c. Volume (bulk) plasmon
d. Real metals and interband transitions
e. Confinement effect in the case of nanoparticles
3. Surface electromagnetic wave
a. The wave equation
b. Surface plasmon polariton at a single interface
4. Excitation of surface plasmon polaritons 
a. Excitation upon charged particle impact
b. Excitation by prism coupling
c. Excitation by grating coupling
d. Excitation by nanoparticles/ridges
5. Localized surface plasmon
a. Normal modes of subwavelength metal particles
b. Larger particles and Mie theory
c. Very low size and quantum effects
d. Parameters that influence the plasmon resonance of metallic NPs
e. Interparticle coupling
6. Synthesis and assembling of metallic nanoparticles
a. Electron lithography
b. Nanosphere lithography
c. Physical evaporation and laser assisted evaporation
d. Chemical approaches
e. Self-organization of nanoparticles
7. Plasmonic colors
Recent developments in plasmonic colors based on the used of localized or propagating plasmons and the future of tunable devices
8. Application of plasmonics: Case study
Individual work based on a detailed study of recent articles. Possible application fields: thermoplasmonics, water desalination, security printing, photocatalysis, photovoltaics, sensors, etc.

Part 3: Applications of micro-nano photonics (2 ECTS)
1. Fabrication methods and metrology
2. Micro-nano Optics in consumer electronics 
3. Micro-nano Optics in imaging systems
4. Micro-nano Optics for sensing
5. Micro-nano Optics in lighting systems
6. Micro-nano Optics for document security
7. Introduction to Metasurfaces
8. Tutorial: Design of diffractive optics


Teaching methods	
· Lectures: 12 hours for part 1 [JPC], 10 hours for part 2 [ND], 2 hours for part 3
· Exercises: 14 hours for part 1 [JPC], 10 hours for part 2 [ND], 1 hour for part 3
· Project homeworks: 18 hours for part 1, 10 hours for part 2 
Study materials	
Part 1
· “Electromagnetic Simulation Using the FDTD Method” de Dennis M. Sullivan –Ed: IEEE Publications (2000).
· “Computational Electrodynamics: The Finite-Difference Time-Domain Method”, de AllenTaflove, Susan C. Hagness
· Lecture PPT slides
Part 2
· S. A. Maier: Plasmonics: Fundamentals and Applications, Springer, 2007
· S. Enoch ,N. Bonod: Plasmonics: From Basics to Advanced Topics, Springer, 2012
· Course online , S. I. Bozhevolnyi Fundamentals of surface plasmon polaritons, 2009
· Lecture PPT slides 
· Scientific articles and reviews 
Part 3
· B. Kress: Applied Digital Optics: From Micro-Optics to Nanophotonics, Wiley (2009)
· Lecture PPT slides
Assumed Knowledge
· Electromagnetism and physical optics
· Non-linear optics will be helpful, but is not essential
· Basic calculus and computational methods
· Entry-level computer programming experience in either Matlab, Python, or C/C++
Evaluation criteria
· Project work 60%
· Written/oral Presentation 40%


